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ERW steel tubes are manufactured in our modern plant 
at Corby. They are in every way comparable to the 
highest quality seamless steel tubes of equivalent size 
and strength made anywhere in the world. 

Sizes available range from 1 inch to 4} inches outside 
diameter and from 14 s.w.g. to 3 s.w.g. thick in lengths 
up to 36 feet, manufactured in accordance with B.S. 1654. 


STEWARTS AND LLOYDS LIMITED 


Glasgow . Birmingham - London 








Vol. 182 No. 4724 





Leading Article 
One World 





Plain Words 
Weekly Survey 
Principal Articles 


India Puts Engineering First in the Second 
Five-Year Plan , 

Largest Power Station in Britain 

Tube Coupling for High Pressures 

Engineering Papers at the British Association 










Computer Controlled Machine Tools 
Historical and Scientific Background of 
Automation 
British Aircraft To-day: 3-Military Aircraft 
4-Equipment 
ic Loading Shovel 
Speed Drilling and Tapping: Vertical and 
Le oatal Single-Purpose Machines 
tions of Densified Wood Lamniates 
Stainless Steel Liner for 7,000 ton Forging 
Press 












Atemic Review: Some More Reactors 

Lifeboat of Fibreglass Reinforced Plastics : 
Advantage Taken of Monolithic Construction 

Safety Control: Air Valve requires both hands 

Refrigerated Vehicles: Road Transport of 
Deep-Frozen Food 

Integrating Motor Pneumo-tachograph: 
Assessing Energy Expenditure in Various 
Tasks 










Letters to the Editor 
Physical Meaning of Section Modulus 






Obituary 
Dr. James Bibby 


Book Reviews 


An Introduction to the Theory of Structures 
Electric Melting and Smelting Practice 


New Books 


Notes 


Shipping Federation Scholarships 
Skip Hoist Saves Space 

Electric Sander 

Knitted Wire Nesh 


Notices of Meetings 
The Human Element 


x *k * 


353 


354 


357 


362 
363 
372 
373 
376 


376 
377 


377 
378 


381 
381 


382 


382 


357 


356 


371 


371 


370 


357 


377 


381 
383 


383 


384 


Published every Friday by Engineering Limited, 
35 & 36 Bedford Street, Strand, London, W.C.2 


TELEGRAPHIC 


London TELEPHONE Temple Bar 3663 


= & * 


ADDRESS Engineering, Lesquare, 


Subscription Rates for 12 months, Inland and 


Abroad £5 10s., Canada £5 5s. 


Subscriptions for 


periods of less than 12 months are based on the 





Price of a single copy including postage (2s. 3d.) 





ENGINEERING 


Gn Plustrated Weekly Journal 


ONE WORLD 


HE Symphonic Variations which received 
their first London performance at a B.B.C. 
Promenade Concert last week were written 
by a young composer who spent seven years 
studying engineering before he decided to 
devote his life to music. He is one of 
several contemporary artists who worked in 
industry for a time before turning to art. 
We hear often enough of men who have 
taken an arts degree becoming able industrial 
managers; and we know that only a very 
small proportion of the boys and girls whose 
artistic yearnings are encouraged by a 
beneficent State ever become established as 
adult artists. But now we have a few who 
cross the stream in the opposite direction; 
who spurn the main road to security, pre- 
ferring the rough tracks that may, or may 
not, lead to Parnassus. Is there not a good 
chance that, with their industrial background, 
they will produce works of art which have 
a significance that is direct rather than 
cultivated? Are they not more likely to 
achieve immortality simply because their 
music, their paintings, their sculpture are 
keyed to the common environment ? 
If a precedent is needed we have the perfect 
example in Leonardo da Vinci, who was an 
artist and a craftsman; a painter and an 
engineer. Of course he lived at a time when 
there was not that sharp division between art 
and science such as we suffer from to-day. 
He designed machines which were so ad- 
vanced that men could not see the need for 
them, whereas to-day men want machines 
which are so advanced that designers are 
unable to produce them. He strove to 
understand all things, and because he lived 
before the Industrial Revolution, and was a 
genius, he succeeded to a degree which has 
never been equalled since. We who live in 
the Twentieth Century can envy not only his 
imaginative powers (which in any case are 
given to few), but more especially his 
opportunity, which we shall never experience. 
It was the practitioners of art, not of 
science, who divided the world of experience. 
Appalled by the visual horrors of industry, 
they retreated into a paradise of the imagina- 
tion, and it is hardly surprising that their 
offerings have so often been welcomed only 
by those who inhabit the same paradise and 
those who have affected to understand. The 
return to one world is a struggle, demanding 
more power of integration and insight than 
has ever been needed before. The artist who 
remains in his ivory tower may leave some 
works that endure, but they will bear as much 
relation to Twentieth Century living as 
dreams do to reality. The artist who, like 
da Vinci, seeks to understand all things, 
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though he will certainly fail, will come 
nearer to speaking a language that his 
fellow men can understand. Commercial 
art, programme music and the like will tempt 
him away from his true purpose, but that is 
a temptation which the artist has always had 
to resist. 

The young composer whose work was 
performed last week is lain Hamilton, who 
comes from a family in which engineering as 
a profession is almost a tradition—until in 
1946, at the age of 24, he left the Handley 
Page aircraft firm to follow his natural 
inclinations and study music. His Second 
Symphony is said to have been “ greeted 
with some hostility ’’ when first played at the 
Cheltenham Festival in 1953, but at the 
Promenade Concert last week the applause 
for his Symphonic Variations several times 
brought him on to the platform to join the 
conductor, Sir Malcolm Sargent. Among the 
audience there were some for whom the 
work was not immediately acceptable, but 
it is mostly superficial music which gets 
a spontaneous reception. Several hearings 
are necessary for the value of any symphonic 
music to be gauged. If Hamilton’s work 
becomes part of the concert repertoire (it 
was favourably reviewed by the music 
critics), his seven years experience in engi- 
neering will surely have had some part in 
its success. He has no patience with artists 
who are like hermits doodling until inspira- 
tion fires their lethargic souls. He believes 
that the imagination, like the reason, can be 
disciplined. In the last year of his formal 
education in music he therefore entered 
several competitions in order to accustom 
himself to a full life of composing. At the 
present time he is working on a choral work 
which the B.B.C. have commissioned. 

A composer to-day faces two streams of 
music which are very firmly dug in: concert 
music, which, thanks to the B.B.C. and the 
gramophone, has become the spiritual food 
of a great many people; and mob music, 
which already shows signs of throwing up 
its own classics. But there is always a place 
for a few living composers. If sincerity and 
seriousness of purpose mark out the chosen 
few, Hamilton should be one of them. He 
did not leave engineering because he revolted 
against it, but because music exerted a 
stronger pull on him. He and others like 
him in literature, painting and sculpture 
have a glorious opportunity to show that 
sublime creations are not the prerogative of 
dreamy, out-of-this-world contemplators, or 
of those artists who interpret the way of life 
of an industrial nation as a grim, fuggy 
smog peopled by robots and unemployed 
craftsmen. Having had first-hand experience 
of the shop floor and the laboratory, they 
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are no more frightened or puzzled by the 
industrial circus than are those for whom it is 
the daily routine. Their work, as one of the 
music critics said of an older orchestral 
piece that was played at the same concert, 
will “* grow from the air we all breathe.” 
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Plain Words 


We hope that Mr. W. E. W. Petter, the 
designer of the Gnat light jet fighter which 
has been ordered by the Indian Government, 
will one day write his autobiography. He 
could tell a remarkable story. 

He started design work on the Gnat in 

1951 (the year in which the Canberra jet 
bomber, the design of which he also directed, 
went into service with the R.A.F.). A low- 
power prototype, the Midge, had started its 
flight trials by August, 1954. Fighter designs 
which have received financial backing from 
the Government have taken just as long, and 
in some cases longer, from the drawing 
board to the first flight. Mr. Petter received 
no State aid. In July, 1955, a Gnat fitted with 
the engine for which it was designed—the 
Bristol Orpheus—flew for the first time. 
The following month the Ministry of Supply 
ordered a ‘‘development batch” of six 
Gnats. Nine months later the first of these 
six began its flight trials and its ground and 
air firing trials. Last Sunday Mrs. V. L. 
Pandit, the Indian High Commissioner in 
‘London, signed the order for 25 aircraft and 
a contract for the manufacture of Gnats 
under licence at the Bangalore works of 
Hindustan Aircraft, Limited. Mr. Petter’s 
company, Folland Aircraft, Limited, will 
train Indian technicians in this country and 
in India. Deliveries of British-built Gnats 
will begin next April and will be spread over 
a period of about two years. 

At various times the company have stated 
that the Gnat was designed and built as a 
“‘ private venture’ to prove that a fighter 
with a performance that meets the most 
exacting needs of modern warfare could be 
made much smaller and lighter than con- 
ventional fighters, and at far less cost. They 
seem to be proving their contention. The 
Gnat is about half the size and a third the 
weight of its nearest rival of conventional size, 
and between a half and a quarter of the 
cost. Indirectly they are also revealing the 
cost to the taxpayer of financing aircraft 
development through the Ministry of Supply. 
Only the cost-consciousness of private enter- 
prise can keep a tight rein on the inevitable 
tendency towards increasing complication 
and expense in armament design. In peace- 
time the using Services will always demand 
more elaborate equipment than they can use 
in war. No country can afford to leave the 
development of its military aircraft wholly to 
private ventures, but Mr. Petter’s remarkable 
experiment shows the vital necessity of 
permitting some freedom of action to the 
men who have exceptional abilities. If, by 
some twist of politics, we ever deposit all 
power and authority in the State, it will be 
goodbye to the Petters of the engineering 
world. 
























India’s second Five Year Plan includes 195 new irrigation projects. 









The Lower Bhavani Dam was 
started during the period of the first plan. 


INDIA PUTS ENGINEERING FIRST IN 
THE SECOND FIVE-YEAR PLAN 


A heavy engineering mission under the chairman- 
ship of Sir Eric Coates visits India next month to 
advise on the further extension of heavy machinery 
manufacturing capacity during the period of the 
second Five Year Plan. An advance party of 
three has already left for New Delhi, the members 
of which are Mr. R. Arbuthnott, managing 
director of the North British Locomotive Company, 
Mr. W. G. Carter, partner in W. S. Atkins and 
Partners, consulting engineers, and Mr. Douglas J. 
Stitt, director of the Steel Works Plant Associa- 
tion. The Indian Government are continuing with 
their far-reaching plans to make the country a vital 
industrial force in the future. Decisions have 
been taken on the types of products that will be 
made in Indian factories and on those that will 
be imported. Engineering in all its forms dominates 
the pattern of these developments. The pattern is 
pictured in this special article. 


With its second Five Year Plan, India is launched 
on a bold experiment in planned, but democratic- 
ally controlled, industrialisation. The Indian 
planners, unlike those in communist countries, 
have had to take account of the effects of their 
plans on individuals as consumers, and they have 
therefore tried to maintain a reasonable balance 
between agricultural and industrial development. 
They have also tried to make provision for the 
useful employment of the millions of surplus 
village dwellers who at present are half-employed 
on the land, recognising that it will be many 
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Coach-building jigs in the 
Integral Coach Factory 
at Perambur. By the 


end of the second Five 





Year Plan the output of 
coaches is expected to 
be 25,000 annually. 


years before there has been adequate industrial 
investment to absorb them all in factory employ. 
ment. 

Nevertheless the change in emphasis is clearly 
demonstrated by the fact that expenditure on 
power, transport, communications and industry 
will rise from 42 per cent. of the total expenditure 
in the period of the first plan from 1950 to 195} 
to 56 per cent. during that of the second plan, 
which is to be completed by 1962. Investment 
in mineral mining and processing and in manufac- 
turing is to be raised from £134 million in the 
first five-year period to £668 million in the 
second; particular emphasis being laid on the 
development of basic and heavy industries. Its 
proposed, therefore, to raise the annual produc- 
tion of coal from its present level of 38 to 6 
million tons, of iron ore from 4-3 to 12-5 million 
tons, of finished steel from 1-3 to 4-3 million tons 
and of aluminium from 0-30 to 0-75 million 
tons. At the same time the combined irrigation, 
flood control and power programme is to bk 
stepped up so as to increase the area irrigated 
from 67 to 88 million acres and the installed 
electrical generating capacity from 3-4 millionkW 
to 6:9 million kW. 

Apart from criticism of the scale of the plan 
and of the methods of financing it, attention has 
been mainly directed to the inadequacy of the 
provision for the expansion of transport facilities. 
The planned increase in freight to be carried 
on the railways, from 120 to 162 million tons, 
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certainly seems out of proportion to the very 
large increases proposed for the production of 
agricultural produce and of metals, chemicals 
and machinery; nor does it seem to be intended 
greatly to increase the capacity of the roads, for 
the proposed road building programme is 
moderate. An increase of industrial output of 
two or three times will have to be carried by a 
transport system expanded some 30 per cent.; 
and the plan itself envisages that the facilities 
provided may fall short by 10 per cent. of rolling 
stock and 5 per cent. of line capacity of what 
will be needed to carry the estimatea traffic, 

which may reach 180 million tons in 1961. 

Some adjustments may, therefore, have to be 
made in the railway plan in the later years of the 

riod. 

at present the details of the railway plan 
provide for £684 million, in addition to normal 
replacement, to be spent on doubling 1,607 miles 
of track, converting 265 miles of metre gauge 
into broad gauge, electrification of 826 miles and 
dieselisation of services over 1,293 miles. Provi- 
sion is also made for the construction of 842 miles 
of new track and for the renewal of 8,000 miles 
of obsolete track. An increasing proportion 
of the requirements of this plan will be manu- 
factured in India; the output of locomotives, 
wagons and coaches being planned to reach the 
level of 400, 25,000 and 1,800 a year respectively 
by the end of the period. About half the expen- 
diture during the whole period will be on imports; 
a third of it for steel, about a fifth for electric and 
Diesel locomotives and the rest for rolling 
stock of special types. No doubt there will also 
be some import of signalling and safety equip- 
ment on which £18,750,000 is to be spent. A 
substantial expansion of workshop facilities 
will reduce the dependence on imports in subse- 
quent years. 

In view of the fact that a major increase in 
foreign trade is not expected to take place until 
the periods of the third and fourth plans, it is 
perhaps not surprising that the amount to be 
spent on ports will do little more than relieve 
existing congestion by increasing the capacity 
of the major ports at Calcutta, Bombay, Madras, 
Cochin and Kandla by 30 per cent. and by 
developing 18 of the more important minor ports. 

tal shipping is reserved for Indian tonnage 
and it is proposed to increase this from 3 million 
‘0 4 million gross registered tons. At the same 
lime an attempt is to be made to increase 
India’s share of overseas shipping by an increase 
Mm tonnage from just under 3 million to over 
4 million tons. Subsidies are to be given for 
ships built at the Hindustan shipyard, where 
Capacity is to be increased from an annual 50,000 
tons to 75,000 to 90,000 tons, the balance being 
built in Yugoslavia. 
India has two air corporations: the Air India 
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Hostel of an engineering college at Chandigarh, the capital of the Punjab. 


International and the Indian Airlines Corpora- 
tion. Indian Airlines have already placed orders 
for 10 Viscounts and details of other aircraft 
to be ordered are under examination. For Air 
India International the programme provides 
for the purchase of a few turbo-prop or jet 
aircraft. Provision of £114 million has been 
made for the purchase of these aircraft. A hint 
of Indian intentions in the production of military 
aircraft is contained in contracts placed with 
Folland Aircraft Limited (see Plain Words, 
opposite). 

The irrigation programme includes 195 new 
projects, of which ten will cost between £74 
million and £224 million, seven between 
£3,750,000 and £7,500,000 and the rest will be 
of smaller size, a careful balance being kept 
between major and minor schemes which are 
considered complementary in character and 
scope. In addition there is to be a programme 
for the construction of 3,581 tube-wells. A 
programme for drilling 350 deep exploratory 
tube-wells had already been begun during the 
first plan, of which 22 have been completed, 
and a large number have been constructed 
under the Indo-U.S. Technical Co-operation 
Scheme, the Indian Grow More Food programme 
and the development plans of the separate 
states. 

General studies of the power potential of 
India’s rivers have enabled a preliminary assess- 
ment to be made, from which the hydro-electric 
potential of likely sites appears to be about 
35 million kW. In adaition, coal-fired thermal 
stations will continue to be important sources of 
electrical energy and, with about 40,000 million 
tons of known reserves of steam and non-coking 
coal and possibilities of further reserves of 
lignite, there should be no difficulty in meeting 
requirements in the foreseeable future. In 
industrially developing areas remote from coal- 
fields and without hydro-electric potential, a 
start is expected to be made with atomic power 
during the next few years. An Atomic Energy 
Commission was set up in 1948, which has been 
assisted by the Tata Institute of Fundamental 
Research in training a team of nuclear scientists. 
In 1955, the Atomic Energy Establishment was 
set up at Trombay where, in addition to labora- 
tories and research reactors, there will be 
facilities for pilot plant experiments. A swim- 
ming-pool reactor, designed and built by the 
personnel of the establishment, was expected to 
be in operation by the middle of this year and 
a high-power, high-flux reactor, received under 
the Colombo Plan from Canada, is expectea to 
go into operation in 1958. India has adequate 
resources of uranium and thorium for develop- 
ing this souce of power. 

During the second plan an approximate 


breakdown of the capital outlay by public 
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authorities on electrification is as follows:—- 


£ million 
Generation ‘ 175 
Transmission = es Me 89 
Distribution in urban areas ie 19 


Small town and rural electrification 56 

Hydro-electric capacity will be increased from 
0:96 to 3-06 million kW, and thermal capacity 
from 1-55 to 2-65 million kW. The plan 
provides for a total length of 35,000 miles of 
transmission lines—a doubling of the mileage 
constructed during the first plan. At the present 
time India is largely dependent on imports of 
heavy electrical equipment, and even the needs 
of light equipment and cables are not being 
met. It is for this reason that Associated 
Electrical Industries and English Electric have 
been asked to help establish a factory for the 
manufacture of hydraulic turbines, alternators, 
motors, transformers and switchgear which it is 
hoped will commence production in 1961. 

The demand for telephones is increasing 
rapidly and the plan provides for an increase 
from the incredibly low figure of 270,000 to 
450,000, the extension of telephone facilities 
being limited by the rate of manufacture in the 
Indian Telephone Industries factory built under 
the first plan. Most of the items used are now 
produced in the factory, the capacity of which is 
to be increased by about 20 per cent. About 
£2,600,000 is to be spent on_ broadcasting 
transmitters for internal and external services. 

It is in the proposals for the manufacture of 
engineering products that the plan proclaims its 
real purpose of advancing India towards modern 
industrial status. Before the war there was 
little engineering industry. The first plan was 
largely concerned with raising agricultural 
production, so as to make the country more 
self-supporting in food and cotton and so 
strengthening the base of the economy. During 
and after the war there was some development 
in the manufacture of machine tools, textile 
machinery, motor-cars, bicycles, Diesel engines 
and so forth. There is now to be a speeding up 
of the development of the heavy and machine 
building industries, largely in Government 
concerns, and priority is therefore being given 
first to the increased production of iron and 
steel, heavy chemicals and heavy engineering 
and, secondly, to expansion of capacity for the 
production of other producer goods such as 
aluminium, cement, chemical pulp, dyestuffs, 
phosphatic fertilisers and also essential drugs. 
Existing industries such as jute, cotton textiles 
and sugar are to be modernised, but other 
consumer goods, at least as far as modern mass- 
production methods are concerned, come last. 
The following table illustrates the anticipated 
investment in each class of large-scale industry 
by the public and private sectors respectively :— 


| 





| £ million. 
pe Public Private 
sector sector | Total. 
| 

Producer goods 350 220 } 570 
Capital goods - 63 54 | 117 
Consumer goods. 9 125 134 
422 399 | 821 


As a result of this investment the output of 
producer goods is expected to rise by about 
73 per cent. and of factory produced consumer 
goods by 18 per cent. 

The necessary increase in steel production is 
to be obtained by expanding production of the 
existing works of Tata and of the Indian Iron 
and Steel Company by some 80 per cent. and by 
three new publicly owned works of a capacity 
of one million ingot tons each: one to be built 
at Durgapur by the British consortium, the 
Indian Steel Works Construction Company, 
Limited; one at Rourkela by the Krupp-Demag 
combine; and one at Bhilai by the Russians. 
This expansion is expected to produce 7 miliion 
tons a year by 1961 and it is foreshadowed that 
this will be raised to 15 million tons by the end 
of the third Five Year Plan in ten years’ time. 

All the heavy engineering factories are to be 











Part of the Standard Motor Company’s factory 
in Madras. 


State owned. They include, in addition to the 
railway and heavy electrical engineering works 
and expansion of the Hindustan Shipyard, the 
establishment of a heavy steel foundry, forge 
workshops and heavy structural workshops. 
£14 million has been allotted to the expansion of 
Hindustan Machine Tools, Limited, for increased 
production of 84 in. high-speed lathes and the 
manufacture of larger lathes and drilling and 
milling machines. In addition, the National Indus- 
trial Development Corporation will provide £74 
million for the development of the manufacture 
of heavy industrial machinery and machine tools. 
In the private sector, provision is made for 
investment in the manufacture of textile, sugar, 
paper and cement machinery, electric motors 
below 200 h.p., small transformers, and small 
Diesel engines. 

A comparatively minor place is given in the 
plan to durable consumer goods, but the stan- 
dard of life of the great mass of Indians hardly 
provides a market for them yet. Imports will 
be severely restricted and it is the aim to make 
‘India self-sufficient in most of them within ten 
years. There are already five works manu- 
facturing passenger motor-cars: Nuffield-Birla, 
Standard, Fiat, Chrysler and Tata. Mercedes 
are making commercial vehicles. Standard are 
already making 90 per cent. of their components 
in India, and it is intended that 80 per cent. of 
components of all cars shall be made in India 
by the end of the second plan period. Mean- 
while, no passenger vehicles are to be imported. 
Arrangements have recently been made for the 
manufacture in India of the Ferguson tractor 
by Standards in Madras. The organised pro- 
duction of bicycles is to be raised from 550,000 
to one million a year, and of sewing machines 
from 110,000 to 220,000, although these figures 
may be exceeded by small-scale production. 

To support this industrial development, a 
programme of scientific research is to be under- 
taken in a chain of fourteen laboratories, headed 
by the National Physical Laboratory in New 
Delhi. A decision of major importance to 
British exporters has recently been taken to 
standardise weights and measures all over the 
country on the basis of the metric system—a 
reform which is expected to be complete within 
10 to 12 years. 

The most controversiai feature of the plan is 
the proposal to support village and small 
industries by restricting the volume of pro- 
duction cf consumer goods in the large-scale 
sector and by other means. The main object of 
this policy is to provide employment by the 
encouragement of labour intensive productive 
activities. These include the traditional village 
crafts of hand-loom spinning and weaving, 
leatherware, hand-pounding of rice, vegetable 
oil and cottage match making. Schemes are 
also to be undertaken for the development of 
other industries, such as hand-made paper, palm 
gur, bee-keeping, pottery and handicrafts. As 
small town and rural electrification proceeds, a 
larger number of small industries will be worked 
by power and provision has been made for 
setting up industrial estates. Many of these 


industries will be concerned with the manu- 
facture of parts for the larger factories and 


Government” arrangements are being made for 
training, the hire-purchase of machinery, the 
establishment of a marketing service and the 
undertaking of pilot projects. 

The carrying out of a series of plans of this 
nature must effect a profound change in the 
nature of India’s imports. It is clear that the 
market for imported durable consumer goods 
has largely gone. India will no longer be an 
importer of motor-cars, nor of the agricultural 
tractors made by the same mass-production 
methods; within ten or fifteen years she may 
even be an exporter of these and similar products. 
On the other hand, the pace of industrialisation 
will determine both the amount and the nature 
of India’s imports of capital goods. The 
estimates of annual imports during the period 
of the present plan are £650 million and, of these, 
machinery and vehicles will absorb £225 million 
and iron and steel and other metals £97 million. 
Although she may soon become self-sufficient in 
steam locomotives and simple rolling stock, 
India is likely for some time to continue to 
import Diesel and electric locomotives and 
special wagons. The electrification programme 
will entail increasing imports of heavy electrical 
generating and transmission equipment, and this 
and the irrigation and agricultural programme 
will call for large quantities of civil engineering 
equipment such as cranes, earth-moving equip- 
ment and heavy crawler tractors. There will 
be a growing demand for mining machinery and 
metallurgical and chemical plant. There is to be 
a considerable expansion in the manufacture of 
standard machine tools, so that in the future the 
main market will be for the more complicated 
and special types as well as for instruments; 
although it is reported that the Russians have 
commenced the manufacture of a range of cheap, 
simple, mass-produced machine tools suitable 
for countries in an early stage of industrialisation 
and are offering them in India. This sounds 
similar to what the Germans did for the Russians 
in the 1930’s and, in view of the village indus- 
tries programme, it might well be worth investiga- 
tion by British manufacturers. 

The big question is whether India will be able 
to pay for imports on this level. The financial 
figures of the plan assume substantial support 
from overseas and, if this is not forthcoming, 
the pace of the advance will have to be reduced. 
For this reason the credit terms offered by 
exporters play a very important part; countries, 
such as Russia, in a position to make payment 
easy in one way or another, have an advantage. 
It is obviously of supreme interest both to the 
democratic western nations and to democratic 
Indians themselves that they should not be left 
dependent on the goodwiil of the Russians, and 
everything reasonable must be done to help them 
to obtain the foreign exchange they need and to 
service the loans which they are receiving. It 
would, therefore, be disastrous if we were to 
interfere with the sales of Indian textiles in this 
country, and we ought to be able to discuss with 
the Indian planners the eventual development of 
other Indian exports of the kind we need, such 
as coal, iron ore, pig iron and agricultural 
products and even of simple consumer goods. 

Britain’s share of India’s imports has gone up 
from 16-7 per cent. in 1951-52 to 25-4 per cent. 
in 1955-56, but we are now faced with increasing 
competition not only from behind the Iron 
Curtain but also from Germany and Japan. 
Some recent Japanese quotations have been 
20 per cent. to 30 per cent. lower than British 
prices. On the other hand the Russian charges 
for the services of the technical staffs needed to 
erect and start up new plants are very high. 
There is no reason to think that we are not still 
in a good position to provide for India’s growing 
wants, but as the plans succeed each other these 
wants will change. India will be making for 
herself and exporting to Asia things which we are 
now selling them. Our exports will have 
increasingly to be of the kind which incorporates 
the results of scientific research and design skills 
of a high order. It is one more example of 
the lesson which Britain is learning about foreign 
trade in the Twentieth Century. 


Obituary 


DR. JAMES BIBBY 
The Originator of Resilient Couplings 


The news of the death of Dr. James Bj 

which occurred at his home, “ Quernmoor” 
High Salvington, Worthing, Sussex, on ¢&, 
tember 11, will be received with regret by 
engineers in many branches of the Profession 
The originator of the Bibby coupling, Dr 
Bibby had earned renown by his methods of 
dealing with torsional vibration problems ; 
rolling mills, marine and aircraft engines te 
other machinery. : 

He was born on October 11, 1877, at Lancaster 
and received his general education at Oakes 
Institute, Walton, Liverpool. In 1892, at the 
age of 15, he became an apprentice in the works 
of W. Rowlandson and Company, Liverpool 
successively passing through the pattern shop, 
foundry, machine shops and drawing office: 
meanwhile contining his engineering education 
at the Liverpool Technical School. He was 
awarded a Tate Prize and a Derby Prize, and 
in 1895, obtained a Liverpool City Coungi 
Scholarship, tenable for three years at Liverpool 
University College, as the University was then 
called. He studied under the late Professor 
H. S. Hele-Shaw, F.R.S. (1854-1941), and 
obtained the B.Sc. degree with honours in 
1898. A further year’s study as a research 
scholar. gained for him the M.Sc. degree of the 
university. 

On leaving his college in 1899, he took up 
the appointment of works manager of the 
Pomona Engine Works, at Manchester, and 
remained there until 1902, when the Wolseley 
Company appointed him chief draughtsman and 
superintendent of their new machine tools division 
at the East Wolseley Works, Birmingham. At 
this time, Herbert Austin, a colleague of Bibby, 
became manager of the Wolseley Company's 
new motor division. 

In 1905, Bibby, now 28 years of age, was 
made works manager of Kynoch Limited, 
Birmingham, and continued to occupy this 
position for three years. He then went to 
Bolton, Lancashire, to take up the position of 
works manager to Ed. Bennis and Company, 
which he held until 1913. In the following 
year, he was appointed managing director of 
Electro Metals Limited, and also became a 
director of Boving and Company, Limited, and 
it was during this period of his career that he 
became associated with the late Mr. Harry 
Brearley in the design and development of 
electric furnaces for the melting and refining 
of stainless and other steels. He also designed 
electric ore-reduction furnaces. 

As a result of the introduction of his theory 
of the suppression of torsional vibration by 
resonance interference, Bibby decided to launch 
out independently. He became chairman and 
managing director of the firm of Wellman 
Bibby Company, Limited, on its incorporation 
in September, 1919, and was still occupying 
that position at the time of his death. His 
invention of a resilient coupling for rolling mills 
attracted a good deal of attention, and other 
applications for the Bibby coupling, as it has 
long been known, followed. The coupling was 
adopted for marine propeller shafts and sub- 
sequently for aircraft engines, and Bibby was 
called into consultation by the Admiralty on 
numerous occasions, particularly in connection 
with submarine engines. 

It is of interest to note that, in effect, the 
Bibby coupling made it possible for the airship 
Graf Zeppelin to cross the Atlantic, in 192. 
An account of this is given in a letter written 
to us in January, 1930, by Dr. Bibby and 
published on page 43 of our issue of January 
10 of that year (volume 129). He states that 
after the airship had made a forced landing a 
Toulon in May, 1929, owing to failures in four 
of the engine crankshafts, Bibby couplings wet 
fitted to its five Maybach engines, each develop 
ing 400 h.p., at 1,400 r.p.m. After this, the 
airship travelled some 35,000 miles without aly 
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alteration in the transmission, and the couplings 
nowed no signs of fatigue or wear. In his 
iter Dr. Bibby explains that the problem was 
mainly one of altering the frequency, or critical 
Bibby speed, of the system so that it fell outside that 
moor.” corresponding to the normal engine impulses. 
m Sep. Dr, Bibby was elected to membership of the 
Institution of Mechanical Engineers in 1942, 


fession and, on July 2, 1955, he was admitted to the 

2, Dr of Doctor of Engineering, honoris causa, 

10ds of of the University of Liverpool, as one who had 

ems in “brought great lustre’ to its Faculty of Engi- 

es, and neering. He also served as President of the 

association of Retired Engineers, Worthing, in 

Ncaster 1953-54. 

Oakes 
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Works 

~~ & Letters to the Editor 
Office: 

ication PHYSICAL MEANING OF SECTION 

e hy MODULUS 

> an 

ouncil Sir, I find it hard to see the merit of Mr. 

eTpoo! Daniloff’s proposal in your issue of September 14 

$ then without an example of its application to a specific 

fessor problem. Briefly, he would abandon or even 

, and deny our old friend the section modulus of a 

rs in beam, that he may foster and cherish its reciprocal ; 

search he would measure the power of a beam to resist 

of the a bending moment by a quantity which diminishes 

as that power increases. 

k up Developing Mr. Daniloff’s theme, we should 

the presumably not use flexural rigidity as a measure 
and of stiffness but rather a quantity representing 

Iseley the deflection of a beam of unit length, of unit 

1 and moment of inertia, under unit load. Young’s 

/ision Modulus would go out in favcur of a parameter 


At representing the extension of a bar of unit 


ibby, length and unit area under unit load. In this 
any’s system we should describe a great distance in 
terms of the minuteness of the angle subtended 
was at that distance by an object of unit diameter. 
ited, Drawbar pull would be replaced by the time 
this taken to give unit velocity to unit mass, and an 
t to enormous mass, currently described in terms of 
n of megatons, would be measured by the infinitesimal 
any, value of its acceleration under the action of 
wing unit force. 
r of Seriously, Sir, do we need new conceptions 
ea for such familiar and long established quantities 
and as section modulus ? Do we not rather need 
t he to refine our ideas and prune our vocabulary in 
arry the fields of elementary-science and mechanics 


of to make room for the new terms and concepts 


ring to which we are necessarily introduced in almost 

ned every number of your journal, as the frontiers 
of knowledge expand ? 

Ory Yours faithfully, 

by E. H. BATEMAN. 

nch Farnham, 

and Surrey. 

nan September 15, 1956. 
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~ SHIPPING FEDERATION 
> SCHOLARSHIPS 


b- : 
Four scholarships, of the individual value of 


= a and tenable at technical colleges in the 
“ nited Kingdom providing courses leading to 
Extra Master and Extra First-Class Engineer 
he an, are to be granted each year by the 
ip Ipping Federation. The scheme will be 
9, administered by the Merchant Navy Training 
n eed, City Chambers, 65A Fenchurch-street, 
r ondon, E.C.3, and a committee will interview 
y candidates who appear suitable, after written 
applications have been received. The first 
at scholarships, for which the closing date for 
- 1957 is October 31, will become available in 
re — Subsequently, the closing date will be 
, une 30 in each year. 
4 a Federation hopes by this means to 
y i a the number of qualified lecturers at 
oleges which prepare candidates for navigating 


0 


Ts and engineer officers’ certificates. 








Weekly Survey 


Cover Picture: The illustration shows steam 
drums for power station boilers being slung into 
position during erection. The boilers of which 
they form part have an evaporating capacity of 
300,000 /b. per hour at a pressure of 950 |b. per sq. 
in. and a temperature of 925 deg. F. They are 
designed to run on a two-shift system, shutting 
down at night and re-starting in the morning. 
Each drum is 54 in. in diameter and 30 ft. long. 
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Autumn Stocktaking 


Enough has emerged from the Government’s 
deflationary policy to give some idea of its 
possible effect by the spring of 1957. There is 
much that could happen to make the outcome 
entirely different from that which is beginning 
to take shape, but the possible state of affairs is 
so different from what is intended that it is worth 
comment at the present stage. 

It would appear that the credit squeeze is 
having two distinct effects on industrial produc- 
tion. On one hand the flow of new industrial 
building is definitely slackening and the present 
impetus is likely to have spent itself, to judge 
from present indications, by the early months 
of 1957. In one sense this is no bad thing. 
Much of the inflationary pressure in 1955 and 
early this year was generated by the large volume 
of factory building put in hand. If present 
trends continue this pressure will be removed. 
It would be dangerous, however, to let the pro- 
cess go too far because it takes changes in the 
volume of this kind of investment about 12 
months to work themselves out on the industrial 
system. The other effects of the deflationary 
policy concern consumer durable goods. It is 
apparent from recent retail trade statistics and 
official employment figures that the credit squeeze 
has produced a certain amount of unemployment 
and short-time working in consumer durable 
goods but the result has been to swing purchasing 
power and labour much more towards foodstuffs 
and consumer services than can be to the Govern- 
ment’s liking. The danger could therefore arise 
early next year that capital investment was dis- 
couraged and could not be quickly stimulated 
while a boom developed in perishable consumer 
goods and the consumer services industries. 

It is therefore possible, though this is taking 
the worst possible interpretation of current 
indicators, that the very opposite of the desired 
policy might be achieved. There might be a 
brake on investment while the wrong kind of 
boom broke out in consumer goods. Rather 
than have this happen, it would be better to re- 
assess the economic factors which are at work. 
A number of questions must be analysed in the 
very near future. Has the discouragement of 
consumer durable goods gone far enough ? 
Is it possible to keep up the pressure on this 
group and prevent further stimulus being thereby 
given to perishable consumer goods ? How can 
the benefits of the credit squeeze on consumer 
durable goods be transferred directly to the 
right kind of investment goods? If these 
questions are not answered satisfactorily fairly 
soon, British industry may find it easier to sell ice 
cream and cigarettes than it does to sell machine 
tools. The engineering industry has a vital 
interest in getting the right answers to these 
problems in plenty of time to take the right kind 
of action. 

x *«* * 


The Classic Case of Cossor 


A. C. Cossor, Limited, manufacturers of radios 
and electrical equipment, have provided a classic 
example of the impact of changes in Government 
economic policy on the light engineering industry. 
The Government cut orders for Services’ equip- 
ment from Cossor by more than £6 million in 
the summer of 1955, and to help fill the con- 
sequent gap Cossor decided to almost double 
their radio and television output. Production 
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arrangements were made accordingly. This 
happened just before the Autumn budget, and 
the rental restrictions in February, 1956, added 
to the difficulties of the company. One effect 
was that stocks were built up over the year 
ended March 31, 1956, to over £1 million while 
the total group turnover fell during the year 
under review from £9-2 million to £7-4 million. 
The combined effect of these factors, coupled 
with rising materials and wage costs, resulted in 
the group making a net loss of £94,000 compared 
with a net profit in the previous year of £248,000. 

The chairman of Cossor, the Marquess of 
Exeter, in his statement last week said that the 
effects of steps taken by the board to meet the 
current difficulties may not be felt for some time. 
Cossor are concentrating their efforts more on 
the electronic instrument side of their business 
and on telecommunications (in which field a 
new subsidiary has been formed). The chairman 
also reports that efforts are being made to 
improve the situation in radio and television. 
The company is said to be well ahead with new 
techniques and new models, which it hopes to 
produce at a lower cost, and this may help to 
improve their share of the radio and television 
market by consequent price reductions. In 
addition, an intensive effort has been made in 
the export field. Last year’s export orders rose 
by over 30 per cent. 

While Cossor may have faced extraordinary 
difficulties last year they are not alone in the 
problems of the radio and television industry. 
During the first six months of 1956, United 
Kingdom output of radio sets averaged 144,000 
per month, a fall of over 20 per cent. compared 
with the average in 1955. Meanwhile total 
sales averaged only 114,000 per month during 
the first half of this year. An even sharper 
downward trend is noticeable in production and 
sales of television sets. Sales of television sets 
in the first six months of 1956 totalled only 
63 per cent. of total production, which means 
that expensive stocks are still being built up by 
the radio and television industry. There may 
be some faint hope for the industry in the rise 
of sales during June but this optimism is not 
shared by the chairman of Cossor. Meanwhile, 
the company has endured the official pres- 
cription for deflation. It has suffered severe 
cuts in Government orders and in sales in the 
home market and has been forced to sell abroad. 
There is surely a moral to all this, namely, put 
not your trust in Governments but in the 
diversification of your products. Cossor seem 
to have decided just that. 


xk & ® 


Steel Without the Ban 


The outlook for the steel industry as a whole 
is still very good but the picture becomes 
increasingly complex. The industry is estimated 
to have lost about 500,000 tons of crude steel 
owing to the overtime ban, but there is some 
possibility that this may be recovered in. part 
before the close of the year and the target of 
21 million tons achieved. In the first eight 
months of 1956 steel ingot output was 13-6 
million tons, an increase of 44 per cent. on the 
same period of 1955. Production in the last 
four months of the year would have to show an 
average increase of just over 7 per cent. in order 
to give the target output. In the early months 
of this year the industry was running at just 
under 7 per cent. higher production than in the 
corresponding period of 1955, so that the increase 
in output necessary between September and 
December to hit the year’s target does not seem 
beyond the bounds of possibility. 

While output is struggling to make up for 
lost time, the consumption and stock position 
is becoming increasingly worthy of attention. 
Many kinds of steel, notably plates and heavy 
structural varieties, are still scarce but it is 
noticeable that stock figures continue to rise 
and steel consumption has eased slightly. For 
the first time since 1952 there were signs of a 
drop in demand during the second quarter of 
this year compared with the first quarter, for 








358 


This 
fact comes out of the latest analysis by the Iron 
and Steel Board of stock and consumption figures. 
About 60 per cent. of additional deliveries of 
steel in the first six months of 1956 compared 
with 1955 have gone into stock. Slackening in 
the rate of consumption in the second quarter is 


reasons other than seasonal fluctuations. 


attributed to the set-back in the motor-car 
industry and in steel consumer goods. The 
overall increase in consumption in the first half 
of 1956 compared with the first half of 1955 
was about 64 per cent. against an advance of 
over 74 per cent. in the corresponding period 
last year. 

If allowance is made for the considerable 
cushion of imported steel which has existed for 
some time between domestic steel producers and 
a possible decline in the home market, the 
general outlook for steel companies remains 
good. The large shipbuilding programme to be 
fulfilled in the next year or two, especially in 
tankers, should ensure a continued high demand 
for plate. The outlook for structural steels 
would become less buoyant if the level of factory 
building, referred to in another note this week, 
were to drop seriously at the turn of the year. 
With a high level of consumer spending still 
apparent, the outlook for tin-plate is good and 
it would probably take a general and serious 
depression over industry as a whole to bring 
in question the steel industry’s large expansion 
programme. 

x *« x 


Mannesmann Resurgent 


A well known pre-war German steel combine, 
Mannesmann Rohrenwerke, which was vertically 
integrated from raw materials to finished rolled 
steel products, was disbanded by the Allies after 
the war. Now, a decade later, the process of 
re-integration has been completed. Mannes- 
mann AG to-day has a total annual turnover of 
‘about £172 million with outside customers, of 
which 18-7 per cent. is in the export market. 

Mannesmann’s name has been for long asso- 
ciated with seamless steel tubes. To-day, the 
concern makes a range of welded tubes but it is 
still a major competitor in the world seamless 
tube market. In 1955, the combine’s finished 
steel mills increased their output by amounts 
varying from 12 to 30 per cent. and the impression 
is given in the company’s annual report that 
output of finished products increased by about 
20 per cent. on 1954. It has therefore fully 
maintained its share in the general expansion of 
the German steel industry for 1955. 

Mannesmann have built up in recent years a 
growing list of subsidiary companies operating 
abroad. They continue to be a strong com- 
petitor in the volatile world tube market but they 
have gone increasingly for the establishment of 
tube works in local markets. They have pursued 
this policy much more aggressively than their 
biggest competitor in the export market, 
Stewarts and Lloyds Limited, who have not 
spread their interests outside the Commonwealth 
(including India within that term) and who are 
not yet manufacturing in Canada. Mannesmann 
now have integrated works in Brazil and an 
asbestos company in South Africa. They have 
steel mills and tube plants in France, Turkey 
and Canada. They have tube works alone in 
Italy and plastics tube interests in the United 
States, Luxembourg and Switzerland. These are 
in addition, of course, to a network of selling 
offices in many industrialised countries. The 
post-war Mannesmann organisation has ex- 
panded partly as a result of the general increased 
demand for steel products but particularly owing 
to the large increase in the demand for tubes for 
the oil industry. 

The long-term prospects for tubes depend on 
the outlook for building schemes, irrigation, civil 
engineering construction and natural-gas projects 
as well as all branches of the oil industry. It is 
not likely therefore that the world will be faced 
with a surplus of steel tube capacity for a long 
time. The re-integration of the Mannesmann 


combine, however, is a warning to whom it may 
concern that it is as well equipped as it was 





before the war to deal either with the problem 
of an expanding or a contracting market. 


* * @ 


Continuous Casting of Steel 


An appreciable number of firms and organisa- 
tions, both in this country and overseas, are 
conducting experiments on the continuous 
casting of steel and, for time to time, reports of 
progress are made. From these it appears that 
the “pilot” plants employed are becoming 
larger and larger and also that their efficiency 
is increasing quite definitely. That there are 
still difficulties and problems to be solved, no 
investigator will deny, but the plant now in 
operation at the Sheffield Laboratories of the 
British Iron and Steel Research Association, 
and illustrated and briefly described on page 296 
of our issue of September 7, is typical of what 
has been achieved so far in this branch of steel 
metallurgy. 

Particulars of another pilot continuous-casting 
plant, at Barrow Steel Works, Limited, have 
recently been issued by the United Steel Com- 
panies Limited, Sheffield. It is claimed that 
mild-steel billets of commercial quality are now 
being produced in this plant at higher casting 
speeds than have been attained in any other 
known plant of similar type. The Rossi-Jung- 
hans machine at Barrow, on which extensive 
development work has been carried out during 
the past three years, is operating at speeds in 
excess of 200 in. per minute, which is the equiva- 
lent of 7 tons of 2 in. square steel billets an 
hour. 

Carbon and alloy steels for continuous 
casting are melted down and refined in a 5 ton 
electric-arc furnace. After tapping, the ladle of 
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continuous casting of mild steels. 
steels and stainless steel. 
In subsequent manipulation, the continuoys| 
cast carbon steels have been found to have g 4 
forging characteristics, while high-quality sheets 
have been rolled from continuoulsy-cast Stainless. 
steel slabs. Experiments are continuing with 
a view to the establishment of a Satisfactory 
process which will be both economic and 
repetitive. 


low-alloy 


x * * 
Big Orders for Large Tankers 


Oil tankers are never far from public discussion 
in one context or another these days, The 
periodical review of the world tanker situation 
by Messrs. John I. Jacobs shows that, in the first 
half of 1956, world orders for tankers amounted 
to 7 million tons deadweight. This brings the 
total volume on order up to 19-2 million tons 
representing over 690 tankers, which will increase 
existing tanker tonnage by 45 per cent. In the 
first six months of this year alone, world tanker 
tonnage was up by nearly 2 milliontons. John]. 
Jacobs predict that this rate of delivery is not 
likely to be exceeded by any great amount in the 
next few years—2 million tons in the second half 
of 1956, 4:5 million tons in 1957, 4-65 million 
tons in 1958, tailing off to 4-25 million tons 
and 3-2 million tons in 1959 and 1960 res. 
pectively. Many yards are fully committed 
until 1959, which means that those British yards 
which may have been losing orders owing to 
their inability to quote short delivery dates may 
now find their competitors abroad facing the 
same problem. 

Certainly the orders announced recently by 
the Peninsular and Oriental Steam Navigation 
Company are an added boost to shipbuilding in 
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The improved strength of modern polyvinyl chloride sheeting is strikingly illustrated by this p.v.c. lining 


which has been made up for the Ministry of Supply. 


It measures 120 ft. by 30 ft. and weighs nearly 


half a ton, and will be used for lining test areas where petrol tanks of up to 30,000 gallons capacity are 


subjected to impact and other tests. 
by Plysu Products, Limited. 


The p.v.c. sheet was supplied by Bakelite, Limited, and was welded 
In a Weekly Survey note last week we referred to two British Standards 


on p.v.c. which have been published recently in order to maintain the high quality that is now possible 


with this material. 


Its applications include, for example, the rear windows of motor-cars, wallets for 


tools, brief cases, canoes, and ducting for mine ventilation. 


molten steel is teemed into a tundish at the top 
of the plant and the steel flows at a controlled 
rate into a reciprocating water-cooled copper 
mould. A _ partly-solidified billet—its central 
core being still liquid—is withdrawn from the 
bottom of the mould and solidification is com- 
pleted as the billet, preceded by a dummy billet, 
travels vertically down the machine. When it 
emerges in solid form, the billet is cut to the 
required lengths, The Barrow plant is capable 
of producing billets from 2 in. to 4 in. square 
and slabs of up to 6 in. by 2 in. in cross section. 
Satisfactory results have been achieved in the 





this country. It is reported that at least 10 
British yards will benefit from the intended 
£37 million expenditure on tankers announced 
by this company. The emphasis is, however, on 
ships of large tonnage, and some doubt exists 
as to how many British shipyards can cope with 
the growing number of orders for “ super 
tankers ” of over 30,000 tons. P. & O’s revision 
of their earlier estimate of 3 or 4 ships of 32,000 
tons each, to 25 tankers of this size, underlines 
the speed-up in the trend towards larger vessels. 
The world’s oil carriers now have on order |? 
tankers of over 50,000 tons each, all larger than 
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any tankers yet in commission. There are 195 
hips of 33,000 tons to 50,000 tons now on 
shat against 35 of this range in present service. 
if the emphasis is to be on size—and the 
yez problem may encourage this trend still 
her—then the British dock situation also needs 
There are no dock facilities in this 
country sufficient to take 50,000 ton tankers. 
The plan mooted earlier this month to construct 
a large dock for this purpose at Milford Haven 
is unlikely to be the last of its kind. 


xk k * 
Speeding Italian Ploughs 


Agricultural improvement in Italy has long 
been held up by lack of capital, a surplus of 
labour, and ignorance of modern methods. Since 
the war the arrival of 4,000 million aols. of aid 
from the United States, the World Bank and 
other sources, has changed economic planning 
from a theoretical exercise into a practical propo- 
sition. The Land Reform Agencies and the 
special development institution for the South, 
the Cassa per il Mezzogiorna, have sent expert 
techicians on to the farms and put huge schemes 
of modernisation into operation. 

One result of all this activity has been the 
greatly increased use of farm machinery. At 
the beginning of the war there were about 41,000 
farm tractors in all Italy. To-day there are over 
160,000. Most of these tractors are made in 
Italy by Fiat. The distribution of tractors 
through the country shows considerable varia- 
tions. The northern provinces, Piedmont, Lom- 
bardy, Venetia, have nearly half the total between 
them. The central area has about one-third 
while the South is still very badly off with a bare 
sixth, The amount of land actually ploughed 
by tractors is increasing annually. 

The Italian farmer prefers a Diesel engined 
tractor of from 20 to 30 h.p. Great interest is 
now being shown in small self-propelled motor 
hoes and cultivators. These machines are 
particularly useful on the difficult sites where 
tractors cannot, for one reason or another, be 
used. Apart from ploughing, mechanisation is 
spreading slowly. In the three years from 1952 
to 1955 the number of hay elevators in the 
country, for example, increased by only 1,000, 
threshers by 1,000, and hay rakers by 5,000. 
Seed drills, however, increased by 22,000, 
reapers and binders by 11,000 and féed cutters 
by 51,000. Imports of farm machines other 
than tractors greatly exceed exports. The 
biggest items in terms of value are reapers and 
binders, threshers, soil drills and draining 
machines, motor cultivators and mowers. 

The activity in the South with its big investment 
programme should serve to increase the impetus 
towards mechanisation. There is still a long 
way to go, however, for Italy presents the odd 
paradox of a country whose chief export is 
agricultural products being at the same time 
one of the least mechanised in Western Europe. 
Itis a hopeful sign that the causes of this back- 
wardness are now being vigorously tackled. 
The market for farm machines should be main- 
tained if not expanded in the next few years. 


* ¢ @ 
Italian Chemicals Move Up 


The Italian chemical industry has now outpaced 
textiles and is second only to agriculture in the 
value of its exports. Development has not 
been confined to traditional lines but has 
included new plastics and fertilisers. Several 
factors have made rapid growth possible in this 
industry in contrast to the slower motion else- 
where. Italy has a number of raw materials 
needed in the industry, notably sulphur, pyrites, 
hydrocarbons, bauxite and sodium chloride. 
In addition, the exploitation of the natural gas 
reserves has opened up new opportunities for 
Petro-chemicals. Hydrogen is being extracted 
Y a process which yields 2-8 cub. metres for 
every cubic metre of methane. Acetylene is 
also being increasingly made from methane. 

A further advantage is that over 80 per cent. 
of the chemical industry is controlled by one 
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firm, Montecatini. In this case monopoly has 
meant investment, modernisation and rational- 
isation, with the result that the industry is very 
efficiently run. New products being developed 
include a synthetic fibre Terital, the Italian 
Terylene, and the plastics Fertene, Rotene and 
Vipla, and a new fibre Movic. For agriculture, 
as well as fertilisers and insecticides there is 
a new product called Flotal which is claimed to 
make clayey soils absorb and hold water. 
There is a great market for Flotal if it can be 
turned out cheaply enough. 

In round figures Italy’s exports of chemicals 
last year at 77,700 million lire represented 
6-69 per cent. of all her exports. This figure was 
only exceeded by agricultural products. Imports 
also increased representing 5-76 per cent. of all 
Italian imports. British chemicals, with 11-2 per 
cent., were in third place following Germany 
(28-52 per cent.), United States (22-7 per cent.). 
Production in chemicals increased by 14 per 
cent. over the previous year, while Italian indus- 
trial production generaily only went up by 
8-5 per cent. Although the rate of increase 
now appears to have slowed down, the rise of 
the chemical industry is an encouraging trend 
for Italy. Not only will it help to solve the 
chronic balance of payments problem, but its 
products will make it possible to improve the 
desperately low crop yields of the Italian 
farmers. So far as British chemicals are con- 
cerned, this is one of the markets where further 
progress could be made. 


x ke 
Ups and Down in Western Europe 


An interesting comparison is drawn between the 
difficulties of the United Kingdom and certain 
other countries in Western Europe, by a report 
on economic expansion put out by the Economic 
Commission for Europe. A contrast is drawn 
between the boom conditions in France, Western 
Germany and the Netherlands, and the sluggish- 
ness of industrial production in the United 
Kingdom. 

Western Europe may be divided at the moment 
into two groups of countries, those which have 
based their recent prosperity on stimulating con- 
sumer demand (and continue to do so) and those 
which have tried to curb production for fear of 
inflation. Those countries where boom condi- 
tions are based on the buoyant demand for 
consumer goods, of which France is an outstand- 
ing example, are however concerned to limit the 
rate of growth of that demand to some extent, 
and for their benefit the report offers an analysis 
and an opinion on the effect of the kind of con- 
trols which have been in operation in the United 
Kingdom for the last 18 months. The same 
kind of monetary controls have, indeed, been in 
operation in Scandinavia; in Norway monetary 
controls have been helped out with import 
controls. The report comes to the conclusion 
that the controls have worked better in Norway 
and Sweden than they have in Denmark and the 
United Kingdom. The reason for this is that 
in the last two countries official policy has been 
trying to encourage labour to move from one 
group of industries to another, whereas in 
Norway and Sweden the main task has been to 
limit the demand for goods without discriminat- 
ing against any particular type. 

All this is an old friend in a new guise. Where 
there has been over-full employment, the report 
says in effect that countries have had difficulty 
in stimulating the right kind of production 
because there is no slack of labour to take up. 
Elsewhere, notably in Western Germany, and 
even in France and the Netherlands, there has 
been until recently a certain reserve of man- 
power which could be absorbed by industry, and 
this has occurred. It has been possible to 
stimulate the demand for capital goods without 
drawing from consumer goods. 

It remains to be seen if the onset of full employ- 
ment throughout Western Europe can be pre- 
served without a run-away inflation developing 
through the pressure of the public’s purchasing 
power. The United Kingdom has more experi- 
ence of this problem than most countries, and the 
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official attitude is that purchasing power must 
be curbed in order to stimulate the capital equip- 
ment industries and exports. It has not yet 
found a way of doing this, however, by putting 
pressure on selected industries alone. 


xk * 
Better Agricultural Machinery Exports 


There has been a welcome improvement in the 
export of agricultural machinery according to 
the Agricultural Engineers’ Association. In the 
last six months these have increased by 8-6 per 
cent., the most notable improvements being 
recorded in Australia, New Zealand and France. 
It is apparent that there was an improvement in 
the sales to most Commonwealth countries with 
the important exceptions of South Africa and 
Canada. On the other hand there was a serious 
decline in shipments to Eire which is one of this 
country’s largest customers, the decline being 
attributed to some extent to German competi- 
tion. It is noticeable too that sales to Scan- 
dinavia have not yet shown any improvement, 
although shipments to Western Germany were 
higher for the first half of the year than in the 
same months of 1955. 

There seems to have been no corresponding 
improvement yet in the home market. It is 
certain therefore that the industry as a whole 
will have fared worse in 1956 than in 1955. Last 
year the industry’s output was about £113 mil- 
lion, of which £58 million was exported. In the 
first quarter of 1956 output was about £27 mil- 
lion, and if this rate of output had been main- 
tained the corresponding annual figure would 
have been about £110 million. The fact that 
the increase in exports has been offset by a con- 
tinuing depression in the home market makes it 
unlikely that even this figure will be achieved by 
the end of December. Much of the total output 
of agricultural machinery is accounted for by 
tractors which have been produced at the rate of 
about 130,000 units a year (excluding market 
garden types) in recent years. There must come 
before long something of a saturation point in 
the home market. Increasingly therefore output 
must go abroad, and the health of the industry 
will be measured not only by a recovery in 
exports but by the rate at which exports increase 
beyond previous levels. Already about 50 per 
cent. of output goes abroad. This target will 
have to be raised permanently over the next few 
years if the agricultural machinery industry is to 
play as important a part as it has done of recent 
years in the machinery industry as a whole. 


x & 


Case Studies in Use 


A report has been prepared by the British 
Institute of Management, under a _ contract 
arranged with the European Productivity Agency, 
on how British industry has made use of certain 
case-study data on productivity prepared by the 
United States Bureau of Labor Statistics. It 
was agreed that the emphasis in the report should 
be on the actual techniques of comparison used 
to see if changes leading to increased produc- 
tivity could be made in existing organisation 
procedure. The B.I.M., which had already 
distributed nearly 4,700 copies of the American 
reports, made a special approach to 250 selected 
companies, and also got in touch with six trade 
and research organisations which had helped to 
publicise the reports. The results of this inquiry 
have now been published in a special number of 
Productivity Measurement Review printed in 
France by O.E.E.C. 

Of the American reports circulated (and a 
proportion of them went to various sections of 
the engineering industry) rather more than 
4,000 dealt with case-study data on productivity 
and factory performance, over 390 with capital 
requirements and operating ratios and just over 
200 with plant operation reports. Of the 250 
companies contacted, 114 commented on the 
reports and a selection of replies is published in 
the booklet. Of the 114, 39 were able to 
compare or relate their man-hour data with 
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those of American plants, and four of those 
39 used the American data for establishing their 
own standards. For the 75 which could not 
make direct comparison the main reason seems 
to have been in the differences in product. 

This technique of propaganda for higher 
productivity is of considerable interest. As the 
booklet says, the goal to be achieved is to make 
managers want the information and want to 
use it in their organisations. The usual tech- 
nique of exhortation by lectures and discussions 
has some effect if it is kept up long enough on a 
large enough scale, but it is exceedingly valuable 
to make people do something positive in this 
problem. This was one of the big advantages 
of the original visits to American firms organised 
by the Anglo-American Productivity Council. 
In a less ambitious and a rather hum-drum way 
these reports point to another method of making 
people take part in the quest for higher pro- 
ductivity. The booklet gives some encourage- 
ment to the idea that if information on American 
productivity is circulated to British companies, 
sufficient of them will be interested enough to 
dig out their own statistics for comparison. 
This is the real merit of the technique. It 
encourages people to look at their own informa- 
tion systematically. 


x k * 


Computers in Production 


In a recent statement on their progress in the 
production of computers for business and 
accounting problems, Elliott Brothers, Limited, 
claim that ‘“‘ America’s lead in this important 
automation sphere is being gradually cut back.” 
The company’s new “405” data processing 
systems, which are especially designed to handle 
business and accounting problems such as pay- 
rolls, stock control compilation and printing of 
invoices, etc., are now being manufactured on a 
commercial scale. This is the first British com- 
puter to use magnetic film as the main memory 
storage and operating medium, thus enabling 
stock records, ledgers and other data to be 
kept in a compact form, easily brought up to 
date and re-used indefinitely. Orders have 
been placed by the Nobel Division of Imperial 
Chemical Industries, British Insulated Callender’s 
Cables, and the Norwich City Council. Increas- 
ingly, there is evidence that the introduction of 
computers and other forms of electronic data 
processing machinery is unlikely to be as slow 
as originally expected. A number of British 
companies have developed computers and some 
are in commercial production. 

The principal British manufacturers are British 
Tabulating Machine Company, Limited, whose 
HEC digital computer designed for commercial 
use is in production; Decca, who expect to 
have their first models available later this year; 
the English Electric Company, who make a 
digital computer—the DEUCE—mainly for 
engineering and scientific calculation and who 
have installed six machines since May, 1955; 
Ferranti, who make three types and whose 
general-purpose machine, the Pegasus, is said 
to be a popular type of digital computer for 
which over 20 orders are said to have been 
placed ; J. Lyons’ make a large high-speed 
digital computer, Leo, originally designed for 
their own use on payroll work; the Plessey 
Company make a small low-cost machine for 
commercial use, and Powers-Samas also a small 
machine now being produced at the rate of 20 
a year. Prices range from about £10,000 for 
the Plessey computer to £80,000 for Leo. In 
addition to these British manufacturers, British 
subsidiaries of American companies—I.B.M. in 
particular—have a range of machines available, 
some of which are imported. Thus a new indus- 
try is growing up, in which practically every 
company with spare cash resources is interested. 
This early period is one of rapid technical evolu- 
tion and new models succeed one another at a 
bewildering rate. The number of orders placed 
by British companies, however, suggests that 
industry cannot delay for long using the available 
machines which so effectively reduce labour 
costs in the office, the research laboratories and, 














increasingly, the shop floor itself. In a recent 
enquiry into the potential savings through the 
use of computers, the National Physical Labora- 
tory concluded that every company employing 
5,000 people or more could usefully invest in a 
machine. It is hardly surprising therefore that 
the new industry should have got away to such a 
good start. 


x k * 
Those Traffic Jams 


Unless severely restrictive measures are adopted 
to reduce road traffic in towns to manageable 
proportions, we may go “stumbling along in 
desperate attempts to catch up with the motor 
car and in the rush and turmoil of the chase may 
destroy most of the things that make our cities 
worthwhile, without ever really resolving the 
problem of congestion.”” These words, spoken 
last April by Mr. C. D. Buchanan in an address 
to the Institute of Landscape Architects, are 
quoted by Political and Economic Planning 
(P.E.P.) in their latest broadsheet Solving Traffic 
Problems—Lessons from America. P.E.P.’s 
treatment of the subject is simple enough: it 
consists of a number of quotations from 
American papers and reports on city traffic. It 
is none the less effective for its simplicity. The 
problem of road congestion in American cities 
has become so pressing, and so immense, that 
transport authorities have been driven to take 
desperate action. 

To give Philadelphia “a really efficient 
transportation system ”’ would entail an annual 
expenditure of between £35 million and £53 
million over the next 10 to 15 years, equivalent 
to £13 per head of the population. Detroit’s 
proposed “* expressways ” would cost about £10 
per head annually. A plan published by the 
Forth Worth, Texas, is based on the assumption 
that to provide enough roads to accommodate 
all-comers on four wheels to the central district 
(a town of half a million inhabitants) is an 
impossibility. Instead, it proposed to eliminate 
private vehicles from the heart of the city and to 
provide adequate parking facilities at the edge 
of it. Most of the American authorities quoted 
recognise the inevitability of imposing some 
degree of control based on traffic priorities. 
Everywhere is expressed the conviction that 
traffic density must be reduced and private 
motoring—described as the most “ inefficient ” 
means of transport—discouraged. 

As P.E.P. point out there are lessons for 
Britain in this American experience, though 
there is still a considerable difference in scale 
between the problem in the two countries. 
As a delegation to the United States from the 
City of Birmingham pointed out, American 
authorities have been forced to act by the 
compelling urgency of their traffic problems: 
“the traffic position in Birmingham may well 
develop to a similar extent within the next 10 to 
20 years.”” To build urban motorways and to 
provide large parking facilities could make the 
problem worse rather than better. Inescapably 
one is driven to the conclusion that the days— 
or, at any rate, the years—of the private car in 
the hearts of our towns are numbered. But it 
could be of course that our towns were built to 
house commerce and industry that have no 
business to be there. 


x *k * 


The Brazilian Adventure 


The economic development programme launched 
recently by President ‘Kubitschek has been 
described as “‘ opening up new frontiers of 
prosperity in one of the century’s biggest 
adventures for peace and progress.” The 
details of the plan are published in the current 
issue (June-July, 1956) of the Brazilian Bulletin, 
and are followed by an article entitled ‘* Drastic 
Steps to Contain Inflation.” It is frankly 
recognised that the realisation of the plan 
depends on a much increased flow of foreign 
investment into the country. In order to achieve 
a rate of investment equal to one-fifth of the 
gross national product, which it is estimated 





would yield an average annual growth 

4 : of 
6:2 per cent. in the national income, “ Bragij 
will need at least 500 million dols. a year in the 
form of foreign investment as against an annual 
average in the past five years of 100 million dols,” 

This is a tall order, but one which may yet be 
achieved if the Brazilian Government’s estimates 
of income on investment and their promises to 
offer the foreign investor every encouragement 
and security are taken seriously in this country 
Germany, the United States and elsewhere 
The plan, which covers the period 1956-60, caters 
for many extensive capital schemes. Coal 
output is to be doubled, to 2-5 million tons per 
year. Electricity generating capacity is to be 
raised from 3 million kW to 5 million kW jn 
1960 and to 8 million kW in 1965. An atomic 
power plant of 10,000 kW is envisaged, and 
uranium and thorium deposits developed, 
Petroleum imports will be reduced but refining 
capacity expanded. Railways will be extended 
and modernised, as will road systems, water and 
air transport. Steel-making capacity is scheduled 
for an increase from 1-2 million tons to 2 million 
tons in 1960, with a four-fold increase in ferrous 
alloy and aluminium capacity. Cement, heavy 
chemicals, fertilisers, iron ore, paper, all figure 
prominently on the programme. The establish- 
ment of new _ industries—automotive, ship. 
building, locomotive building and heavy electrical 
plant—is envisaged. 

This, and much more, suggests that Brazil is 
determined to become an_ industrial power, 
But, unlike some other primary producers, she 
does not intend to force agriculture to take a 
back seat. The country’s wealth of natural 
resources and the considerable progress already 
made, suggest that the rate of development over 
the next few years may not fall far short of the 
Government’s plans. But, like Australia, Brazil 
requires a great deal more foreign investment 
than she is getting, and the experience of British- 
owned companies over the past decade is not 
encouraging. 


x « * 


The Master Cutler 


On September 10, Sir Peter Roberts, Bt., M.P., 
became Master Cutler-Elect and his installation 
as the 321st Master of the ancient Company of 
Cutlers in’ Hallamshire will take place on 
October 2. He is chairman of Newton, Cham- 
bers and Company, Limited, ironfounders, 
engineers and chemical manufacturers, Thorn- 
cliffe, near Sheffield, and is also chairman of 
Wellman Smith Owen Engineering Corporation, 
Limited, manufacturers of steelworks plant, 
Darlaston, Staffordshire, in which company 
Newton, Chambers have a large interest. 

In its modern activities the Cutlers’ Company 
represents the industry and business section of 
Sheffield life and is influential in steelmaking 
spheres as well as in the cutlery trade with which 
it was originally solely associated. 

It was in December, 1954, that Sir Peter 
became chairman of Newton, Chambers, in 
succession to his father, the late Sir Samuel 
Roberts, Bt., himself a former Master Cutler, 
and their family has been associated with indus- 
try in the Sheffield district for more than 300 
years. It is of interest to note that Sir Peter is 
a direct descendent of Robert Sorsby, the first 
Master Cutler, who was elected when the Com- 
pany of Cutlers in Hallamshire was established 
by Act of Parliament in 1624. In the course of 
time the Sorsby family dropped the letter “s 
out of the middle of their name and on January 
5, 1841, Sarah Ann, daughter of Robert Sorby, 
who was in direct line of descent from the first 
Master Cutler, married Samuel Roberts, Sir 
Peter’s great-grandfather. The mew Master 
Cutler is also a director of the Barnsley District 
Coking Company, Limited, Wombwell Coke and 
By-Products Limited, and the Sheffield firm of 
Drabble and Sanderson which is associated with 
Spear and Jackson Limited, who are engaged in the 
manufacture of tools, saws and similar goods. 

Sir Peter is Conservative-Liberal M.P. for the 
Heeley Division of Sheffield. 
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Site plan of the 200 MW power station now under construction at High Marnham, Nottinghamshire. 


c Turbine house, Electrical annexe. 
d Precipitators. 


a Turbine house. 
6 Boiler house. 


e Chimneys. g Ash disposal plant. 


Cooling towers. 


LARGEST POWER STATION IN 
BRITAIN 


Work has now been begun on the High Marnham 
power station of the Central Electricity Autho- 
tity, which will be situated on a site by the River 
Trent, near Tuxford in Nottinghamshire. This 
station, with an ultimate capacity of 1,000 MW 
made up of five 200 MW machines, will be the 
largest single station and will contain the largest 
single set yet installed in this country. It will 
be constructed on the unit principle and will 
operate on a steam cycle of 2,350 Ib. per sq. in. 
and 1,050 deg. F., reheating to 1,000 deg. These 
conditions will be much in advance of those 
so far used in any public power station in the 
United Kingdom. 

Coal will be rail borne to the site at an average 
rate of 10,000 tons per day and will be discharged 
to a system of conveyors capable of feeding the 
Station bunkers or a 250,000 ton store at the 
rate of 1,000 tons per hour. The steam raising 
plant will consist of five 1,400,000 Ib. boilers of 
International Combustion manufacture, each of 
Which will be supplied from six pulverising mills. 
Five of these mills will maintain the maximum 
continuous rating and the fuel will be fed into 
the furnaces through 48 burners arranged for 
corner firing. Each boiler will be fitted with a 
mechanical grit arrester and an electrostatic 
precipitator, and the flue gases will be discharged 
Into two 450 ft. reinforced concrete chimneys. 





The drum height will be 130 ft. and there will 
be two casings, one containing the superheater 
and the other the re-heat furnaces. Ash and 
dust wili be pumped a distance of 5 miles to 
some quarries. 

The generating plant will consist of five 
English Electric tandem compound _turbo- 
alternators. The alternators, which will be 
hydrogen-cooled at a pressure of 30 Ib. per 
sq. in., will generate at 16-5 kV. This voltage 
will be stepped up to 275 kV in 210 MVA trans- 
formers and fed through outdoor switchgear 
to the national network. 

Cooling water for the condensers will be 
circulated through a closed system consisting 
of five cooling towers and five pumps. Each 
tower will have a capacity of 5-4 million gallons 
per hour and will be available on any machine. 
Make-up water will be drawn from the river at 
the rate of 33 million gallons per day and, less 
evaporation, will be returned continuously. 

The condensate from each set will be treated 
in three low-pressure and three high-pressure 
feed heaters, which will produce a final feed 
temperature of 460 deg. F. The third stage low- 
pressure heater will be arranged as a high level 
deaerator. Feed pumping will be in two stages. 

The architecture of the station will follow the 
Central Electricity Authority’s latest practice 





A Circulating water pump house. 


i Circulating water make-up pump house. 
k Control room. 


in the adoption of lightweight cladding. The 
main building with the coal conveyor structures 
will be sheeted in aluminium above a plinth 
course of pre-cast reinforced concrete facing slabs. 

As site plan of the new station and a cross- 
section showing the disposition of the plant are 
reproduced above. 
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TUBE COUPLING FOR 
HIGH PRESSURES 


A patented steel fitting for tubes introduced by 
Kay and Company (Engineers), Limited, Black- 
horse-street, Bolton, and marketed under the 
trade mark “ Supakone,”’ makes a positive joint 
quickly and easily by a method which is different 
from that used in the well-known compression 
joint. Used under correct conditions it is 
entirely satisfactory for working pressures up to 
10,000 Ib. per sq. in. Fittings tested by the 
makers and by independent authorities have 
carried much higher pressures without damage. 
Two fittings for 4 in. outside diameter tube, for 
example, tested by the National Physical 
Laboratory, were subjected to pressures of 
48,000 and 48,500 Ib. per sq. in. respectively, the 
test in both cases being brought to an end by the 
bursting of the tube. 

The fitting is somewhat similar in appearance 
to a compression fitting, and the compression 
principle is, in fact, used to make the joint in the 
first place, but once the joint is made it does 
not rely on friction or compression for its 
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A ‘*Supakone ’”’ coupling assembled, 


Fig. 1 
ready for making the joint. 
strength. Changes in the compression forces 


due to expansion or contraction, fatigue or 
vibration will not affect the joint, which is 
actually cut into the wall of the tube. There 
are three component parts to each fitting, the 
body, the gripping ring or cone, and the coupling 
nut. The fittings are made of alloy steel, and the 
cone is suitably heat treated to enable it to cut 


Coupling Nut 
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Fig. 2 The coupling nut has been tightened, 

forcing the nose of the cone into the tube 

wall, and throwing up a burr which adds to 
the efficiency of the joint. 


into the tube wali as the joint is being made. 

Preparation for joint making is very simple. 
The tube end is cut off square and the burrs 
are removed; it is then pushed into the fitting 
as far as the stop face, as shown in Fig. 1, and 
held there while the coupling nut is tightened 
by hand as far as possible. Spanners are then 
used to give as nearly as possible one complete 
turn to the coupling nut to make the joint. 
Fig 2 shows how this is done. Tightening the 
nut pushes the smooth radial nose of the cone 
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against the bevelled seating of the body, and the 
nose is turned slightly and closed down on to the 
tube. As it is moved still further its heat 
treated edges cut into the tube surface in the 
same way as any normal cutting tool, raisin 
a substantial burr in front of it. The cutting 
action continues as long as there is ** chi : 
clearance, and as this clearance is limited to the 
space between the nose of the cone and the beye| 
of the body, cutting ceases when the space js 
filled. The joint is now made. 

Joints can be dismantled and re-made a 
often as required, provided that the same pars 
are assembled together each time. It is, in fact 
recommended, as a matter of convenience, that 
when possible joints should be made on the 
bench or in fixtures, dismantled, and re-assemblej 
where they are to be used. By so doing it is 
easy to arrange for the tightening effort needed 
when first bedding the cone to be applied under 
the best conditions. Final assembly requires no 
more effort than is needed with an ordinary nyt 
of comparable size. 

The fitting is supplied in a large range of 
sizes in straight couplings, stud couplings, both 
taper and parallel threads, and in tees ang 
elbows. Production has started on valves 
which will be available in the near future. 


Engineering Papers at the British Association Meeting 


An exceptionally large audience attended the meeting at Sheffield to hear 
One, on the economic effects of automation 


the papers on automation. 


was published last week, and others appear in this issue. 
a paper on computer controlled machine tools is given below. 
published in previous issues of ENGINEERING have dealt with oil and industry 


A summary of 
Papers 


COMPUTER CONTROLLED MACHINE 
TOOLS* 


By D.T.N. 


Automatic machine tools have been in use for at 
least 30 or 40 years. The metalworking industry uses 
fully automatic cam-controlled lathes for turning 
small and medium sized components, often of quite 
complicated shape, while special-purpose machines 
have been used for many years to make such things 
as watch components, instrument parts and casings, 
etc. These latter machines are designed to do one 
job, and one job only, and are quite useless when the 
component for which they have been designed is 
no longer required. They usually employ multi- 
stage operation; that is, the component is subjected 
to a simple machining operation at one position and 
then moved for another simple machining operation 
at the next station, the component being held rigidly 
in a fixture which, for convenience, usually moves in 
a circular path. 

This principle, which was used initially for small 
components, has in the past decade been extended to 
large components such as engine cylinder blocks. 
This extension of the principle involves using a 
number of very large machines, each of which is 
again specially built for the purpose and carries out 
only simple operations. Because of size, these 
machine tools are no longer built as a single entity, 
but in separate units, some units not even being made 
by the same manufacturers. The component, 
instead of being held in a single fixture, is passed 
from unit to unit and automatically located in the 
fixture of each machine. Special pieces of equipment 
have to be devised for handling or transferring the 
component from one machine to the other and, 
again because of size, the component moves usually 
in a straight line between operations, rather than in a 
circular path, as this is more convenient. 

It was to describe the use of these “ transfer 
machines ” that the word “‘ automation ” was coined, 
but it must be emphasised that these techniques are 
not new in principle, differing only in scale from 
those used in the automobile and other branches of 
industry for many years. The methods are applicable 
only to mass production, because each machine has 
to be specially designed for a particular component. 
Even less specialised machines such as cam-controlled 
automatic lathes and capstan or turret lathes have a 


* Summary of paper read before Section G of the 
British Association at Sheffield on September 4. 
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major disadvantage from the user’s point of view, 
because the setting time, that is the time to design and 
make the cams and to install and check their opera- 
tion, is very long. 

It is the length of setting time which decides at 
what production quantity the use of a particular 
machine becomes economic. Turning, for example, 
may be done by either a hand-operated lathe, a copy- 
turning lathe, a capstan or turret lathe or a fully 
automatic lathe, depending on the type of work and 
the quantities involved. These are given in ascending 
order of setting time; that is, the hand-operated 
lathe requires the minimum setting time but a 
correspondingly high amount of skill during its 
operation and is, therefore, suitable for producing 
very small quantities, and at the other end of the 
scale, the automatic lathe has a long setting time 
involving a considerable amount of skill, but there- 
after almost no attention or skill is required during 
operation, except when tool replacement becomes 
necessary. It is, therefore, most suitable for long 
runs involving large numbers of components. 

The problem of producing single components or 
small batches quickly and easily without utilising 
skill continuously throughout the process is one 
which has been urgently requiring a solution, because 
the available amount of skill is much less than the 
present demand. Apart from this, present utilisation 
of skill by conventional machining methods is 
extremely poor, involving great waste of a very 
valuable asset, the cost of which is ever increasing. 

The solution which has now been found for the 
problems of small quantity production provides 
the only fundamentally new approach in the field of 
‘** automation ” as the word is popularly interpreted. 
The application of digital computer and feedback 
servomechanism techniques to problems of measure- 
ment and control have enabled universal machine 
tools to be created which give fully automatic 
production with the equivalent of setting time (now 
called programming time) reduced on the average 
to less than one fifth of the time necessary to make 
one component by hand. 

The system which has been developed utilises ‘a 
special-purpose digital computer capable of supplying 
a large number of controlled machine tools with 
magnetic control tapes. The function of this 
computer is to accept basic dimensional and machin- 


(the presidential address), the nature of a translating machine, automatic 
control of secondary air in combustion, atomic energy and automation, 
powder metallurgy, control of flux waveform in tracing hysteresis loops, 
and the economic effects of automation. 
Section papers will be published later. 
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ing information, in its simplest form, about the 
component to be made and from this to calculate 
the movement of the centre of a cutting tool in order 
to machine the component, recording this information 
on magnetic tape, the whole process being carried 
Out at very high speed. This magnetic tape is then 
placed in the reader of a control unit, associated with 
the machine tool, which controls servomechanisms 
to move the slides in accordance with the instructions 
from the magnetic tape. By this means, the machine 
tool slides can be made to execute the required 
movements at high speed and with great accuracy in 
order to machine the component. The movements 
of the slides are measured by means of an electro- 
optical system utilising precision diffraction gratings. 
The signals from this system are used as feedback 
in the servomechanisms to ensure that the commands 
from the magnetic tape have been executed precisely. 
This equipment is capable, if necessary, of measuring 
increments smaller than 0-0001 inch. 

The system has been designed to be used by people 
with ordinary workshop qualifications and it requires 
no more skill or knowledge to use it than would be 
possessed by an intelligent machinist or planner. 
Due to the fact, however, that the time taken to give 
the necessary instructions to the control system 1s 
much shorter than that required to perform the 
machining operations by hand, the utilisation of the 
skill of the persons operating the system is very much 
higher than if they were carrying out the equivalent 
operations on hand-controlled machine tools. In 
practice, the time taken to write out the machining 
instructions along with the dimensions of the com- 
ponent, to convert this to the form of punched paper 
tape which the computer requires for its input, to 
compute and record the magnetic control tape and to 
use this tape to machine a component, represents on 
average less than } of the time taken to machine the 
component by hand. Any subsequent components 
made from the same tape would require on average 
only =, of the hand machining time. Checks are 
employed automatically at every stage in order to 
ensure that the work is being carried out correctly 
or, if a fault should occur, that the machine is shut 
down before any damage is done. . 

The possible uses of a control system of this type 
go far beyond the limited field of machine tools and 
the principle is applicable to all industrial processes. 
The concept of high-speed digital computers allied 
to servomechanisms with accurate feedback systems 
offers tremendous possibilities for impovement i 
the field of industrial controls and it is from the 
development of this type of equipment, rather than 
from an extension of existing transfer machine 
techniques, that truly remarkable advances 
production technique will be made which may ment 
the creation of a new word to replace the overworked 
and misunderstood ‘ automation.” 








—— 


B. 
A 


By 


Ever 
man | 
and | 
living 
energ 
In flit 
mode 
in the 
the a 
resou! 
one ¢ 
increg 
devel 
Just 
is dis 
techni 
and ¢ 
enorn 
the e 
factor 
the in 
he hi 
which 
The g 
both | 
engine 
labou! 
availa 
be acl 
use O! 
labou: 
effort. 
evolut 
(and ¢ 
and tl 
cesses 
of wa 
adjust 
NI 
As | 
labour 
throus 
water 
of stec 
of soli 
An in 
metho 
even ¢ 
electri 
much. 
to rep 
energy 
eviden 
advan 
shorta 
lowed 
was a 
public: 
mostly 
will Jo 
saving 
that n 
Tevolu' 
and W 
centur: 
of the 
the bir 
which 
period. 
greater 
in fact 
resulte 
into tl 
the toy 
Teplace 
of the 
a Virtu 
power 
weavin 
Water 
Creasec 
Met in 
* Pa 
Associ 
1956, 





Ig 


atic 
tion, 
ps, 
ring 


the 
late 
rder 
tion 
tied 
hen 
with 
sms 
ions 
hine 
ired 
y in 


jut 


XUM 
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HISTORICAL AND SCIENTIFIC 


BACKGROUND OF 


AUTOMATION 


By J. F. Coales, O.B.E., 
M.A., M.I.E.E., F.INST.P. 


Ever since he was expelled from the Garden of Eden, 
man has been engaged first, in a struggle for existence, 
and later in a struggle to improve his conditions of 
living. It is the manufacture of tools and his use of 
energy that distinguishes man from the other animals. 
In flint axes and arrowheads we see the precursors of 
modern transfer machines and guided missiles, and 
in the discovery of fire man first availed himself of 
the advantages that lay stored in the natural energy 
resources of the world. The subsequent history is 
one of evolution, at first very slow but with ever- 
increasing speed until we come to the mad rush of 
development in the first half of the Twentieth Century. 
Just as the gradual evolution of plants and animals 
is disturbed by sudden jumps, so in the evolution of 
technology inventions such as the steam engine 
and discoveries such as electricity have resulted in 
enormous increases in the rate of development during 
the ensuing years. By and large, the energising 
factor has been man’s inherent laziness, and when 
the intelligent man has not been able to employ slaves 
he has used his inventiveness to make machines 
which will reduce both his physical and mental effort. 
The great civilisations of the past were able to achieve 
both a high standard of living for a few and great 
engineering feats by the use of large masses of slave 
labour, but if a high standard of living is to be 
available to all then it is evident that this can only 
be achieved by diminishing human effort, first by the 
use of natural sources of energy to replace physical 
labour and then by machines to replace mental 
effort. Thus, automation is no more than the 
evolution of improved methods of replacing human 
(and animal) labour by energy from natural sources 
and the development of tools to control these pro- 
cesses in order to relieve the operators of the burden 
of watching them or of making calculations and 
adjustments. 


NEED FOR LABOUR-SAVING DEVICES 

As might be expected, the replacement of physical 
labour by machines has been going on continuously 
throughout the centuries, first by the use of gravity, 
water and wind power and later, with the invention 
of steam and internal combustion engines, by the use 
of solid fuels and now by ‘the use of nuclear power. 
An indication of the success of the development of 
methods of using natural sources of energy is that 
even animal energy now costs 30 times as much as 
electrical energy, and human energy 480 times as 
much.* This shows the degree to which the incentive 
to replace human energy by mechanical or electrical 
energy has increased over the centuries. There is 
evidence in history that periods of rapid technological 
advance have always accompanied periods of labour 
shortage. Thus, the Fifteenth Century which fol- 
lowed the world-wide scourge of the Black Death 
was a particularly inventive period which saw the 
publication of many manuals of technology, though 
mostly concerned with military matters. Shortly we 
will look at some of the early examples of labour- 
saving by the use of natural power and we shall see 
that many of these were in use before the industrial 
revolution. Up to 1750, the population of England 
and Wales had remained about six million for several 
centuries, but the period 1750-1825 saw a reduction 
of the death-rate from 33 to 23 per thousand while 
the birth rate remained constant at 37 per thousand 
which resulted in a doubling of the population in this 
Period. The increased population necessitated 
greater food production and the Enclosure Acts did 
in fact result in more efficient production but also 
resulted in much of the peasant population drifting 
into the towns.? This resulted in cheap labour in 
the towns so that at first there was little incentive to 
replace human labour by machines. The second half 
of the Eighteenth Century saw flour milling become 
4 virtually automatic operation using wind- or water- 
_— while in the textile industry both spinning and 
— became power-operated, first by means of 
ater and later by steam. Even so, the much in- 
creased demands for food and clothing could not be 
met in a period of almost continuous war so that the 


* Paper read before Section G of the British 
me lation at Sheffield on Monday, September 3, 


increased population was accompanied 
by ever-increasing poverty which drove 
women and children into the mills in an 
endeavour to earn sufficient to keep body 
and soul together. It becomes apparent 
therefore that the sweated labour and 
misery of the industrial revolution arose 
from economic conditions quite unconnected with 
the development of the labour-saving machines with- 
out which the greatly increased population could not 
possibly have been fed and clothed. 

Since those days, with the improvement in the 
general standard of living, the cost of human labour 
has increased many times and the inventiveness of 
man has reduced the cost of natural energy as many 
times again. Thus, there is now an enormous incen- 
tive to replace human labour by natural energy 
wherever possible, and it is this which has resulted 
in the rapid advances of the last few years. 

Many of the labour-saving inventions of the 
Nineteenth Century were introduced not so much to 
reduce costs but to improve the appalling conditions 
of work, particularly for women and children, by 
men who were horrified and saw opportunities of 
reducing the hardships of the worker. In the rural 
crafts the dignity of the worker was maintained but 
in the mills of industrial England he was reduced to 
the status of a beast of burden. In the first half of 
this century, mechanical and electrical power replaced 
much of the exhausting physical labour, only to be 
superseded by the monotonous drudgery of the 
assembly line so admirably depicted in Charlie 
Chaplin’s “*‘ Modern Times.” It is well known that 
many workers are quite happy doing the same job 
that requires little physical or mental effort year in 
year out, but this does not mean that the next 
generation would not be better and happier men and 
women if trained for better things. Happily there 
are many managers to-day who see the opportunity 
automation gives to remove the hard labour and 
drudgery from the factory as far more important 
than the mere reduction of costs. To restore to 
manufacturing labour the dignity of craftsmanship 
and to the factory a happy and contented labour force 
is the goal to which we press and with it can come 
reduced costs and in the end abundance for all. Of 
course this can only improve man’s material well- 
being and there will still remain the problem of leisure 
and man’s spiritual well-being, but if this can be 
solved and nation can speak peace unto nation in 
God’s good time we may return to that other Eden. 

It is therefore most undesirable to consider 
automation as something new and to talk about a 
second industrial revolution. In view of this, we 
should perhaps define automation in some suitable 
terms. Unfortunately, many have tried to define 
it in simple terms and have often confused the 
issue by identifying it with the use of details such as 
electronics, negative feedback or sensing devices. 
In practice, automation must include all these things 
and the best definition I have discovered is that 
by Mr. Landon Goodman' in a paper to the 1956 
Conference of the E.D.A. His definition is as follows: 
**Automation is the technology in which the handling 
methods, the design of the products and the processes 
are integrated to utilise as fully as is economically 
justifiable the mechanisation of thought and effort 
in order to make the best use of available resources, 
man, material and machine.” By this definition, 
the use of men in the process is not precluded. This 
is important because in many installations large 
savings are possible by making the operations 80 or 
90 per cent. automatic, but 
if all operations were made 
fully automatic the instal- 
lation might be impossible 
to justify economically. 
Further, in order to make 
the best use of automatic 
machinery the design of the 
product itself must usually 
be at least modified and 
frequently re-thought. 


UTILISATION OF 
NATURAL ENERGY 


Although fire was the 
first form of natural energy 
used by man to increase 
his comfort, it appears that 
water power was first used 
to replace human and 
animal labour. Water trip- 
hammers are known to 
have been in use as early 
as 350 B.C.4,° _ Trip- 
hammers were first used 
for grinding cereals in 
pestles and mortars and 
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have continued in use until recent times in the forges 
of Western Europe. For grinding they were soon 
replaced by horizontal millstones driven by horizontal 
water wheels. Apparently, the development of the 
water wheel took place at almost the same time 
in China, Persia and the West. Thus, the oldest 
known water wheel in the West was the Hydroletes 
described by Strabo in about 18 B.C. as having existed 
at Kabeira in Pontus, having formed part of the pro- 
perty of the last Mithridates, and lost when he was 
overthrown by Pompey in 65 B.C. The first literary 
reference occurs in a Greek epigram attributed to 
Antipater of Thessalonica dated 30 B.C. A trans- 
lation is as follows: 


** Women who toil at the querns 

Cease now your grinding 

Sleep late even though crowing cocks proclaim 
the dawn 

Your task is now for the nymphs 

By command of Demeter 

And leaping down on the top of the wheel they 
turn it 

Axle and whirring spokes together revolving and 
causing 

The heavy and hollow Nysurian stones to grind 
above 

So shall we taste again the joys of archaic life 

And feast on Demeter’s gifts without need of 
work.” 

Since it took a woman with a hand quern a whole 
day to grind enough grain for a family of eight,® 
great indeed must have been their joy. In China, 
the first recorded water wheel was used for operating 
metallurgical bellows in the year A.D. 31.° 

Fig. 1 shows a modern water wheel of a type which 
was first developed for raising water into channels 
for irrigation purposes as early as 50 B.C. While the 
water wheel is the first example of the use of natural 
power to replace human labour the first mechanisms 
used for measurement were water clocks, which 
were invented at about the same time as the water 
wheel. It is generally agreed that the invention of 
the mechanical clock was one of the most important 
turning points in the history of technology and it 
has now come to light that the mechanical clock was 
a descendant of the water clocks, which had been 
developed from quite simple mechanisms over the 
preceding thousand years. 


CHINESE SOUTH-POINTING CHARIOT 

The metallurgical arts were developed at a very 
early date in China and by the Eighth Century, A.D., 
mechanisms which incorporated bronze and wooden 
gear-wheels were well known. Thus, it is not 
surprising that the first regulating system is found 
in China in the Eighth Century. This is the south- 
steering carriage which is supposed to have been 
invented to enable some travellers from across the 
desert to return home safely. How this steering 
device worked is not recorded but later emperors 
got their engineers to devise similar carriages, 
presumably for show purposes. The descriptions 
are not clear, possibly because the inventors did 
not wish other people to be able to make the carriages 
from their descriptions. ® 

Fig. 2 shows a model reconstructed from one of 
these descriptions. The object of the mechanism is 
to ensure that no matter how the carriage turns, the 
figure mounted on the vertical pole with arm out- 
stretched always points in the direction of the south. 
This model has been constructed by the famous 
engineer, Mr. George Lanchester, to whom I am 
indebted for the illustrations. He has concluded 
that the mechanism was the well-known differential 
gear as used in modern cars and the principle is 
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Fig. 1 Water wheel for irrigation purposes. 
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that as the carriage turns one wheel will rotate 
fa ster than the other so that the figure will be driven 
in the opposite direction to that in which the carriage 
turns. Fig. 3 demonstrates that when the carriage 
turns through an angle 50, the difference in the angular 


rotation of the wheels is + 50 which is independent 


of the radius of curvature of the path. No matter 
how tortuous the course the figure will always point 
in the same direction and if the figure is fixed pointing 
to the south when the carriage starts, the driver has 
only to steer the horses in such a way that the 
carriage always moves in the direction of the pointing 
hand. Including the human operator, the driver, 
the system is a closed loop or self-regulating system, 
as shown in Fig. 4. 

Referring now to Fig. 2, the road wheels, through 
the gear trains AB and A,B,, turn the gear-wheels 
C and C, independently. When C and C, turn in 
opposite directions, as they will when the carriage 
is going in a straight line, D and D, turn but the 
carriage E and pole F attached to it remains stationary. 
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Fig. 2 South-pointing chariot with diagram of 
mechanism. 





If C, is turned n teeth more than C then the carriage 
E will move 5 teeth in the direction of motion of C,. 
If therefore there are N, teeth on C and C,, E and F 
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N, and N, so that N, N, * 7 or N,~ 3 if the 
figure is always to point in the same direction what- 
ever the direction of motion of the carriage. If the 
hand had been extended to hold a carrot in front of 
the horses’ noses then we might have had a fully 
automatic control system. 


An earlier reconstruction of this device by Professor 
A. C. Moule is shown in Fig. 5. You will see that in 
this case a train of gears is provided to turn the 
figure, when the small gear on either side engages with 
a gear fixed to the driving wheel of the carriage. An 
automatic clutch is provided by means of strings 
crossing over pulleys and controlled by the pole 
of the chariot. If the pole turns to the left then the 
right-hand wheel will drop and engage with the 
off-side driving wheel and the figure will rotate in 
the opposite direction to the movement of the chariot 
until the pole is again central when the wheel will 
disengage. If the pole is turned in the other direction 
so that the carriage is going to the right, the left- 
hand wheel will engage and will again turn the 
figure back in the opposite direction. It appears 
from the description that the figure and the gear- 
wheel to which it is attached were not rigidly con- 
nected to the pole, but you will see that, if they had 
been, then the system would have been self-regulating, 
since, as soon as the gear-wheel engaged, the pole 
would be forced back into the direction of motion 
of the chariot. It is possible that this was the 
intention of the designer, but that in practice the 
mechanical strains on the gear-wheels were found 
to be too great to allow it to work satisfactorily. 
If it had worked, this would almost certainly have 
been the first example of an automatic regulating 
system. This system assumes that the chariot will 
always travel along the normal to the wheel axle 
provided the angle between the pole and this normal 
is small. In practice, irregularities of the ground 
would almost certainly make it oscillate either in 
a random manner or more probably at some resonant 
frequency. This would be serious enough if only 
the figure were being driven, but if the pole were 
also driven there would be a reaction of the pole 
back on the driving wheel engaged, which would 
slow it up and also cause a violent oscillation, unless 
the carriage were very heavy and had a large moment 
of inertia. This system is therefore unsound for 
several reasons and is a good example of how not to 
do it. The method suggested by Mr. Lanchester 
would be far superior. 

In his method there will be some fluctuation about 
the mean course on account of the reaction time 
of the driver and horses, but this will be kept under 
control by the driver, and it is probable that the mean 
course will be that set at the start, unless there is 
some bias such as a small difference in the circum- 
ferences of the wheels. Simple calculation will 
show that a 1 per cent. 
difference would mean that 
the figure would change its 
direction 90 deg. in a dis- 
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an example. 


possibly high accuracy to be maintained is ; 
good example of the sort of consideration that hes 
to be borne in mind by control engineers in designi 

automatic control systems. ing 
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THE WINDMILL: PROTOTYPE OF 
THE AUTOMATIC FACTORY 


The prototype of the automatic factory may be 


considered to be the windmill since by the first decade 
of the Nineteenth Century it had been developed 
with automatic controls so that it could be com. 
pletely operated and controlled by one man, who 
could leave the mill to run untended while he dressed 
the stones not in use, tested the quality of the meal 
or hoisted sacks to fill the automatic hoppers, in 
just the same way as maintenance, quality control 
and transport have to be carried out to-day. 


In the Science Museum there is a model of g 





windmill built at Sprowston, near Norwich, in 1789 
which worked for over 150 years before it was burnt 
down in 1934. This mill contained all the automatic 
devices found in the later mills of which Fig, 6 jg 
This is reproduced from Mr. Rex 
Wailes’s book Windmills in England’ and shows 
a section of a tower mill built in 1858. The windmill 
had at least three floors, the grain being raised and 
deposited in bins on the top floor by a sack hoist 
operated by a friction clutch from the main drive 
Fig. 7, the illustration being taken from Mr, Rex 
Wailes’s book The English Windmill’. 
then passed down chutes to the hoppers on the 
middle floor which fed the grinding stones. These 
hoppers were vibrated by eccentric drives from the 
millstone shafts so that the faster the stones rotated 
the more corn came from the hoppers. 


The grain 
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Fig. 3 Diagram showing principle of south-pointing chariot. 
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Fig. 4 Closed-loop system of south-pointing chariot. 
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Fig. 6 Section of tower mill built in 1858. 


In Oliver Evans’ watermill, set up near Philadelphia 
in 1787 (Fig. 8°) bucket elevators were used to take 
the grain to the top floor and the meal from the 
stones passed by chutes to an archimedean screw (21) 
and thence to another elevator (24) which took it 
to the bolter on the middle floor which separated 
the fine flour from the middlings. The fine flour 
then passed through a chute (28) to bins (29) or 
sacks on the bottom floor while the middlings were 
returned to the stones by a suitable arrangement of 
archimedean screws for horizontal transport and 
elevators for vertical. 

No better way of transporting solid materials 
and small parts from one process to another has yet 
been found and in the most modern automatic 
plant I have seen both archimedean screws and 
vertical elevators, followed by gravity-operated 
inclined guides, in use. This is generally considered 
the best practice but for steel parts permanent magnets 
may prove more convenient than buckets for the 
elevator and vibrating feeds can sometimes be used 
for raising powders and small parts over small 
distances. Of course, for heavy parts power-operated 
rollers must be used in place of archimedean screws. 


KEEPING THE SAILS FACING THE 
WIND 


In windmills the source of power was of course 
the wind, which, turning the sails, drove the main 
shaft to which the stones were geared.'® Since the 
wind varied both in strength and direction it was 
necessary to turn the sails into the wind and also 
to provide some control to prevent the stones being 
turned too fast. In order to turn the sails into 
the wind either the whole mill was turned as in the 
post-mill, or later, only the cap, in which case the 
shaft on which the sails were mounted was geared 
tO a vertical shaft which drove the stones. Fig. 6 
shows the fantail mechanism patented by Edmund 
Lee in 1745 which drove the mill or its cap round 
until the sails faced the wind, and Fig. 9 (from 
Mr. Rex Wailes’s book The English Windmill®) 
shows details of the drive. The fantail, being at right- 
angles to the sails, only turns when the sails are not 
Into the wind, a principle now used in synchro- 
position control systems. Thus the simple fantail 
system drawn in schematic form in Fig. 10 might 
M a modern system be replaced by an electric motor 
driving the mill, a weathervane turning the rotor of 
the transmitting synchro which will produce an 
alternating magnetic field in the direction ¢dy 
(Fig. 10) in the stator which is reproduced by the 
Stator of the coincidence synchro, the rotor of which 
IS turned by the mill. It is arranged so that when 
the mill is facing into the wind the rotor is at right- 
angles to the field direction ¢w so that there is no 
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signal at the input to the 
amplifier. When the wind 
direction changes and the 
weathercock turns, the 
direction of the field, dw, 
changes and an e.mf. is 
induced in the rotor of 
the coincidence synchro, 
which is amplified and 
applied to the motor, which 
turns the mill until the 
signal is again zero or so 
small that the motor will 
not. turn the mill. If the 
mill were required to follow 
changes of wind very rapid- 
ly, such a system might be 
desirable since high power 
could be used to provide 
high accelerations despite 
the mill’s large inertia, the 
weathercock would re- 
spond quickly and large 
amplification could be 
provided so that very small 
values of (@y -— 0y) could 
be made to operate the 
motor. But if this were 
done the mill would try to 
follow all the small and 
rapid changes which occur 
in the wind direction, even 
if the weathervane could be 
damped sufficiently so that it did not flutter. In 
practice, of course, it was both unnecessary and 
undesirable for the mill to follow rapid changes of wind 
direction, so the fantail system was a most satisfactory 
solution. It will be noticed that the driving torque 
from the fantails decrease with the windspeed, which 
means that for low windspeeds there will be a greater 
difference (@y — 9y) before the mill starts to move. 
In control engineering parlance this corresponds 
to a variable loop gain which may be very undesirable 
since it results in the system being very sluggish 
for small errors and may increase so much for large 
errors that the system is unstable. In an Appendix 
the characteristic equations are given for the two 
systems together with the solutions which show 
that the damping decreases as the wind force in- 
creases and when it is less than critical, the frequency 
of oscillation also increases with wind force. In 
the windmill the frictional term Ky 04 was evidently 
so large that the system was not underdamped even 
for very high windspeeds and sluggishness for very 
low windspeeds was unimportant, since the mill 
would probably not be in use: in high winds when 
there was danger of the cap, which was only held on 
by gravity, being blown off if the mill got “ tail- 
winded,”’ the fantail would respond quickly. 


SAFETY DEVICES AND ALARMS IN 
WINDMILLS 

In an automatic plant, safety devices and alarms 
are of the utmost importance and they had their place 
in the windmill. High speeds were dangerous not 
only to the machinery but because if the stones ran 
without grain they would generate heat and sparks 
and eventually set fire to the mill. There are stories 
of millers staying up all night in a storm and shovelling 
in grain in order to save their mills when the storm 
had arisen without the brake on. Brakes must 
usually be provided on large machines when not in 
use and in the case of the windmill a large band brake 
was provided on the brake wheel. 

In automatic processes it may often happen that 
the plant will be damaged if the material being 
processed runs out or the input power exceeds some 
predetermined value, and alarms must then be fitted 
to tell the operator immediately this happens. Since 
the mill might catch fire if the supply of grain ran 
out an alarm bell was hung on a string attached 
to the hopper some distance above the floor. 
The weight of grain depressed the strap but if 
the grain ran short the strap could rise and the bell 
dropped sufficiently to be hit by a projection on 
the rotating shaft which rang the bell and attracted 
the miller’s attention. In the watermill, danger might 
arise if the level of the head water rose, so a small 
weir was arranged to feed an overshot wheel with a 
bell inside it so that when the level rose above the 
weir the overshot wheel would begin to turn and 
ring the bell. These are the precursors of the klaxons 
and red lights of the modern factory. 

In order to avoid damage when the wind force 
rose suddenly while the mill was working, Meikle, 
in 1772, invented spring-sails with Venetian-blind 
shutters in which the shutters were kept closed by a 
spring. When the wind force exceeded the spring 
force the shutiers opened and allowed the wind to 
spill. Basically this was no more than a safety 
device, but since the shutters would open until the 
wind force on the sails equalled the spring force it 
was in effect a crude open-loop regulating system 
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Fig. 7 Isometric view of sack hoist in windmill. 


with fixed input but since this was an “ open-loop ” 
system with no feedback dependent on the speed of 
the mill, this speed would vary with the load of the 
millstones. In 1807, the system was improved by 
Sir William Cubitt by the use of a lever and weight 
system, Fig. 6, the weight replacing the spring. 
The shutters then opened when the wind force per 
square foot of sail area was some multiple of the 
weight and by knowing the law that connected mill 
speed with wind force for one, two and three stones 
running, the miller could adjust the weight to give him 
the speed required provided other conditions remained 
constant, thus still operating the mill as an “ open- 
loop” system. On the other hand, if the miller 
watched the speed and adjusted the weight to keep 
it constant, he turned it into a ** closed loop ” system, 
the miller himself providing the feedback to close the 
loop. With no feedback there would still be speed 
variations, but it is an axiom of good design that open 
loop control should be used if the variations that 
result are unimportant, as they usually were in this 
case. 


CONTROL OF PRODUCT QUALITY 


Quality control had to be observed by the miller 
in order to satisfy and keep his customers, just as it 
is necessary in mass production to-day. His measur- 
ing instrument was his thumb with which he felt the 
flour and which in time became spatulate. The 
miller would also take samples of the flour to the 
mill kitchen, and raise samples of dough and make 
small puddings to test its quality thus foreshadowing 
the test laboratory and quality control of the modern 
factory. In order to control the quality he had to 
regulate (1) the speed of the stones, (2) the rate of 
feed of grain to the stones and (3) the gap between 
the faces of the stones. 

We have already seen how the speed of the sails 
and therefore of the stones was controlled by the 
use of patent sails. The rate of feed was controlled 
by raising and lowering a shoe through which the 
grain from the hopper runs to the channel in the 
upper stone. This height was controlled by a string 
as shown in Fig. 11 (from Mr. Rex Wailes’s book, 
The English Windmill*) 1n order to control the gap 
between the stones, or tentering as it was called, 
the centrifugal governor was patented by Thomas 
Mead in 1787,° (James Watt did not invent it but 
patented its application to steam engines), who in the 
patent also proposed it for furling sailcloths and for 
flour-dressing machines. The arrangement shown 
in Fig. 11 is that found in more modern mills and 
differs from that proposed by Thomas Mead but is 
the same in principle. It is seen that through the 
system of levers comprising the bridge-tree F and the 
steelyard J the weight of the stone was balanced 
against the effective weight of the governor H. The 
distance between the stones when at rest could be 
adjusted by the screw G. The action of the governor 
was to maintain the gap between the working faces 
of the stones and thus keep constant the degree of 
fineness of grinding. Owing to the enormous 
mechanical advantage of the lever system, movement 
of the stone was at most a few hundredths of an inch. 
This simple linkage to provide simultaneous hand and 
automatic control is very commonly used to-day. 
In Fig. 11, the cord controlling the shoe is shown 
fixed, but Thomas Mead proposed that it should be 
attached to the steelyard at a suitable point so that 
the adjustment would be automatic. No doubt 
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the miller wanted to grind at the highest speed 
possible compatible with maintaining quality and 
it was probably better therefore to control the 
mill in this way, with the windpower controlled by 
hand, rather than by an automatic speed control. 
This illustrates the importance of designing the 
system with the mechanism of the process and the 
quality of the product always in mind. 

Thus we have seen that all the essentials of the 
automatic factory were incorporated in elementary 
form in windmills 150 years ago, but the overall 
controller was still the miller and as yet he had found 
no way of saving his mental effort. 


EARLY DEVELOPMENTS IN THE TEXTILE 
INDUSTRY 


It is important to appreciate that labour saving 
devices have always followed an increased demand 
for the product and since, after food, man’s most 
important need was raiment, it is not surprising that 
textiles were the other important industry of the 
Eighteenth Century, and in this too, automatic 
machinery was developed at about the same time as 
in the mills. There was experimentation in the first 
half of the century which saw the introduction by 
Kay of the flying shuttle and an automatic machine 
for making the cards for carding machines which is 
certainly the precursor of the transfer machine. 
Crompton’s mule and other spinning machinery were 
introduced in the second half of the century. It may 
be that spinning machinery was introduced first 
because it was technically not so difficult as weaving 
machinery, but it is significant that previously it took 
ten women spinning to make sufficient yarn to keep 
one weaver employed, so it was an obvious place for 
** automation.” 

Knitting and weaving machinery using needles and 
hooks had been invented by 1725 and in 1801, 
Jacquard combined Bouchier’s machine with a chain 
of cards invented by Falcon in 1728 in order to store 
the pattern so that it need not be memorised. The 
holes in the cards determined which threads should be 
lifted before each passage of the shuttle and the 
cards were joined in a loop to give a repeated pattern. 
By 1812, no fewer than 11,000 of these looms were 
operating in France alone.’° 


CALCULATING MACHINES 


‘Falcon’s cards were a method of saving the mental 
effort of memory, but earlier in 1642 Blaise Pascal, 
the famous French philosopher, had made the first 
adding machine to help his father, who was a customs 
officer, with his accounts so that he, Blaise, did not 
have to do them in his vacations. This was a simple 
adder with a simple form of carry-mechanism; 
original machines are in the Conservatoire des Arts 
et Metiers, Paris. To add a column of figures with 
this machine, the operator had to insert a pin or peg 
in the correct one of ten holes, spaced round a 
toothed wheel, according to the digit required, and 
turn the wheel round to a stop. This machine was 
therefore very slow, capable only of addition and 
subtraction, and though it relieved the operator of 
the mental effort of addition, it depended for its 
accuracy on his correct selection of the right hole. 

Soon afterwards, Leibniz designed the stepped 
wheel or pin wheel calculator. In this machine a 
barrel carried pins or longitudinal ridges of differing 
lengths so that according to the choice of an operating 
position along the length of the barrel, each revolution 
would add a chosen digit from 0 to 9. With this 
device, two numbers could be multiplied by using 
one to determine position along the barrel and the 
other the number of times the barrel was rotated. 
Modern desk calculators are nothing more than 
larger-scale and better engineered developments of 
this principle. 

The most important contributor to the new philo- 
sophy of calculating machines was Charles Babbage, 
born in 1792, the son of a wealthy banker. In his 
“Difference Engine” he sought to produce a 
machine which would automatically calculate and 
print tables of functions once the initial conditions 
had been set in the machine. He set out his ideas 
in 1822 in a letter to Sir Humphry Davy, President 
of the Royal Society, and eventually obtained 
Government support. Unfortunately, Babbage’s 
thoughts ran much faster than the engineering 
facilities available at the time and he became pre- 
occupied with thoughts of an “* Analytical Engine.” 
Progress in construction of the Difference Engine 
was very slow and in 1842 Government support was 
withdrawn. It was left to Scheutz of Sweden to 
exploit the idea of the Difference Engine. His first 
machine was working in 1840. A second model 
was constructed in 1858 for Somerset House, where 
it was in use for many years calculating Life Tables. 

Babbage is said to have conceived the idea of the 
Analytical Engine in 1833. It was to have a mill 


for adding, subtracting, multiplying and dividing 
and a store originally intended to hold 1,000 50-digit 
The punched cards of the Jacquard 


numbers. 


loom were to be used as “* variable cards ” for putting 
numbers into the machine and as “ operation 
cards” for inserting the programme or sequence of 
arithmetical operations to be followed by the machine. 
This clearly contained all the essentials of modern 
digital computers and was also the important link 
between punched cards, as used in textiles to control 
the movement of threads, and the use of punched 
cards for recording digital information. The project 
was obviously far too advanced in conception for 
its time and though a small part of the Analytical 
Engine was put together in 1871, shortly before 
Babbage’s death, and is to be seen in the Science 
Museum, the Dictionary of National Biography 
wrote in 1885: *“‘ This extraordinary monument of 
inventive genius accordingly remains, and_ will 
doubtless forever remain, a theoretical possibility.” 
Babbage read a paper describing his machine before 
the British Association in Newcastle in 1838. 

In 1889, Dr. Hollerith, of the United States 
Department of Census, used punched cards to record 
information on population statistics. An _ early 
punch can be seen in the Science Museum, and it is 
interesting to note that the first cards were divided 
into irregular fields of numbers applicable only to 
this particular task. It cannot have been long, 
however, before the need to make the cards of more 
general application brought about a reversion to 
One digit per vertical column as used by Babbage. 
This was the precursor of the automatic office. 

Thus we have seen that methods were developed for 
replacing human and animal labour by mechanical 
power. Methods had also been devised for con- 
trolling the power so that it was not necessary to 
be continually making hand adjustments which 
would be tedious though not tiring and, at the 
same time, methods had been devised for reducing 
mental effort. 


PRODUCTION METHODS 


So far, we have not considered the manufacture 
of products which have to go through a number of 
different operations. In order to make such products 
automatically it is, of course, necessary to transfer 
the material from one machine to another in suc- 
cession. In this connection, F. G. Woollard has 
distinguished quite clearly between batch and flow 
production. As the names imply, flow production 
is Of the sausage machine type where meat is con- 
tinuously thrown in at one end and_ sausage 
continually comes out at the other. This is, in 
general, easy to arrange where liquids, gases, or 
powders that flow are concerned, but it is much 
more difficult when the product handled is metal. 
In batch production on the other hand, the raw 
material is cut into the necessary blanks and the 
first operation is performed on all the blanks of a 
batch before any are moved on to the next machine 
for the second operation and so on. Thus, auto- 
matic control is much more easily put into operation 
with flow production than with batch production 
and it is not surprising to find that automatic flow 
production is most advanced in the chemical and oil 
industries. In general, flow production requires 
consistency of demand for an unchanging product, 
together with raw materials which change very 
little. 

When a new product is being developed, it is 
natural to use batch processes until the whole 
sequence of operations has 
been finalised. In general, 
too, if it is required to use 
the same factory for making 
different products, the con- 
sumption of one product 
being insufficient to keep 
the plant in operation con- 
tinuously, it is obviously 
more convenient to use 
batch production methods. 
It is not surprising, there- 
fore, that the larger part of 
British industry is still using 
batch production, since 
there are very few products 
for which a_ production 
line is required to be in 
operation for more than . 
a few weeks at a time. 
In the chemical and oil 
industries, flow production 
has obvious advantages 
and fortunately the plant 
can usually be designed 
to be of such a size that 
the throughput is matched 
to the consumption. In 
chemical reactions the 
continuous process has a 
real advantage over the 
batch process in that the 
product is being contin- 
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uously removed as it is produced and it will by 
remembered that when a chemical reaction is carried 
out in a closed vessel, the speed of reaction usual} 
decreases as the product concentration increases - 
with the product being removed continuously the 
reaction time remains constant. 

When it comes to flow production in the metal 
industries it is much more difficult and it was in the 
motor industry that it was first applied on a lar 
scale. In order to apply flow production it Py 
course unnecessary to make the line automatic 
Flow production can just as well be carried on py 
human operators as by machines. The only difference 
between it and mass production is that the part 
moves on continuously from one operation to 
another instead of a large number of parts being 
machined by one operator before being passed on 
to the next in a batch. Flow production, therefore 
requires that the time of all operations shall be the 
same or else that they are approximately an integral 
multiple of the same time since otherwise some of 
the operators will not be fully employed. Having 
set up a flow production line in which no machine or 
operator is used for more than one operation, it js 
essential that once set in operation it should be able 
to continue without interruption for many weeks, 
For this reason, F. G. Woollard™ has laid down a 
number of basic principles for flow production, 


. The machines must be continuously fed with 
sound material. 

. Processing must 
tinuous. 

. A time cycle must be set and maintained. 

. Operations must be based on motion study 
and time study. 

. Accuracy of work must be strictly maintained, 

. Long-term planning, based on precise know- 
ledge, is essential. 

. Maintenance must be by anticipation, never by 
default. 

. Every mechanical aid must be adapted for man 
and machine. 

. Every activity must be studied to ensure the 
most economic application of power. 

. Information on costs must be _ promptly 
available. 

. Machines should be designed to suit the task 
they perform. 
18. The system of production must benefit every- 

one—consumers, workers and owners. 

Clearly these principles are, if anything, of greater 

import when applied to automatic production. 


LINE FOR MOTOR 


be progressive and con- 


1. Flow production requires continuity of demand. 

2. The products of the system must be specialised, 

3. The products of the system must be standar. 
dised. 

4. The products must be simplified in general 
and in detail. 

5. All material supplies must conform to speci- 
fication. 

6. All supplies must be delivered to a strict time- 
table. 

7 

8 
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SEMI-AUTOMATIC 


VEHICLE CHASSIS 
One of the first plants in which the part being made 
was passed on from station to station as each opera- 
tion was carried out was developed by the A. O. Smith 
Corporation in America, in 1915, for making motor 
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Fig. 8 Oliver Evans’ watermill set up near Philadelphia in 1787. 
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Fig. 9 Details of smock mill drives, showing fantail mechanism. 


A Spring sails H_ Stone spindle 
B Windshaft J Stones 
C Brake wheel K Bridge tree 
. L_ Governors 
£ Upright shaft 
F Great spur wheel M Wire machine 
G Stone nut (raised out N_ Sack hoist 
of gear) O Meal spout 


vehicle chassis, which is described in Principles of 

Vass and Flow Production by Woollard. 
This plant, which took six years to build and cost 
§ million dols. is clearly only capable of turning out 
motor vehicle chassis, which it does at the rate of 
one every eight seconds, more than 10,000 in a 
24 hour day. The plant is 846 ft. in length and 
consists of six essential portions, as follows: 

(1) the press line where blanks are cut from steel 
rs and bent to form the side members of the 
chassis ; . 
(2) the side-bar assembly line in which the side 
members are formed into their final shape and holes 
are punched and various parts assembled to them; 
(3) the sub-assembly line in which the cross members 
are built up and joined by welding or riveting. This 
line flows parallel to the side bar line and both meet 
at the general assembly line; 

(4) the general assembly line where the various parts 
of the frame are located on moving carriages and 
eventually joined together by riveting machines; 

(5) the welding line in which the frame passes through 
aseries of booths for simple welding operations, which 
in this instance were performed by hand; 

(6) the painting line performs the last operation, the 
frames being passed through a steam bath, an auto- 
matic paint spray and finally an oven which bakes 
them dry in about 20 minutes. 

Although this very complicated plant turns out 
10,000 chassis a day, it is found that it is economical 
‘0 make a change-over for an order for as few as 
60,000 frames, although the actual change-over may 
lake three weeks. Fig. 12 shows a transfer machine 
in the Minsk tractor factory. The first automatic 
transfer lines in England were set up by the Morris 
Motor Company in 1924, under the direction of 
Mr. F, _G. Woollard. A large single transfer 
machine is in use at the Austin factory at Longbridge. 

Te are 31 stations at which hundreds of operations 
an Performed on Austin engine blocks. Two 
a a are required, one for loading and one for 
moading the blocks, the blocks being moved on 
One station at a time and all the operations being 
carried out simultaneously between steps. 


SOVIET FACTORY 


most completely automatic plants, 
are no handling operations whatever 


_ One of the 
In that there 


— the melting of the billets of raw material to 
é livery of the finished product packed ready for 
Patch, is a Soviet factory for making pistons for 
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Fig. 10 


lorries and tractors.’* In 
this plant'* which is re- 
ported to have been put 
into operation in 1951, the 
following processes are 
carried out in succession 
without handling: 


1. Continuous produc- 
tion of liquid alloy, 
maintenance of an 
even temperature; 
securing of the re- 
quiste physical and 
chemical properties; 

2. Casting of blanks 
free of casting flaws; 
securing of geometrical accuracy; compactness 
and uniformity of the material; 

3. Cutting-off the heads, separating them from 
chippings and return of the waste to the 
smelter for re-smelting; 

. Controlled heat treatment of blanks; 

. Hardness testing; 

. Machining with observance of 
accuracy of shape and dimensions; 

. Gauging of pistons in respect to weight; 

. Tin-plating; 

. Control of dimensions of pistons and grading 
according to dimension groups (tolerance of 
clearance for the piston-pin in each group 
2-5 microns) ; 

10. Covering with anti-corrosive grease; wrapping 
in vellum, making-up of set, manufacture of 
case, packing of set, and sealing of case. 

This plant is said to be operated by seven skilled 
tool setters and three operators, which is less than a 
quarter of the labour force required for manual 
production. Further, the work cycle has been 
reduced to half the previous value, i.e. twice as many 
pistons are produced. 

Unfortunately automatic inspection and test and 
automatic assembly are proving difficult to perfect 
because human senses are very adaptable and quickly 
trained but progress is being made and some auto- 
matic assembly lines are now in operation for simple 
assemblies and some automatic inspection devices 
are used in the Russian piston factory. The prototype 
of the completely automatic plant incorporating auto- 
matic maching, assembly and inspection, in a single 
transfer machine, was successfully set up by H. A. 
Sargrove '°,1!,16 in Britain for making radio receivers 
in 1948. 
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AUTOMATIC OFFICE 


The digital computer developed by the application 
of electronics to the ‘* difference engine ” of Babbage 
and combined with the collating machines of Hollerith 
has led to the development of the automatic office 
which in four hours can carry out the pay-roll 
calculations for 10,000 employees. Fig. 13 shows 
the Leo automatic office in London.‘ Invoicing, 
cost-accounting and all the other routine office work 
can now be mechanised and methods are being 
worked out for automatic production control. 
Thus a mail order house in America which has a 
catalogue of 8,000 items and receives from 2,000 to 
15,000 orders daily from 1,000 different agents, 
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Electrical equivalent of fantail drive. 


replaced 60 tally clerks by a computing machine 
and 10 operators and, as a bonus, was able to have a 
daily stock report, worked out by the machine each 
night, which was not feasible previously because 
it would have required the service of 150 clerks. 

The Du Pont Company has used a computer to 
control the production programme of its dyestuffs 
plant by making a statistical evaluation of the orders 
Over a period of seven years calculating the trends 
and so estimating future requirements. By com- 
bining these expected requirements with knowledge 
of such conditions as black can be made after white 
without cleaning out but white can only follow a 
colour with expensive cleaning out in between, the 
Output from the plant has been increased by 14 per 
cent. and the work in progress has been reduced by 
42 per cent. 


FACTORY OF FUTURE 
We have now seen how the main activities in a 
factory have been made automatic. We will therefore 
consider the possible organisation of a completely 








Fig. 11 Mechanism for controlling gap between 
millstones. 
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Fig. 12 Transfer machine in Minsk tractor factory. 


automatic factory and then consider the basic prin- 
ciples which have to be employed to make it work. 
Fig. 14 shows the general organisation of a factory 
in a form which would be suitable if the processes were 
mainly automatic. In this figure the paper-work of 
the factory is assumed to be carried out under the 
heading of “* factory direction ’’ and the inset shows 
‘a possible scheme of input and output of information 
to an automatic office including an electronic com- 
puter. In an automatic factory, maintenance and 
materials control becomes of major importance since 
a breakdown or a lack of material at any point in the 
system is liable to bring the whole plant to a standstill. 
Since the capital outlay in an automatic factory is 
likely to be many times that of a conventional factory, 
frequent shutdowns are likely to make such an outlay 
quite unjustifiable economically. Fig. 15 shows 
how the control of the factory might be organised 
using computers to control the factory. In any such 
system the communications between the different 
parts of the factory are of the greatest importance 
and control of raw materials and finished parts 
becomes one of the more essential functions of the 
central computer. The factory considered is intended 
for the manufacture of only one type of commodity, 
but change of type would be possible by small 
alterations of the tools which would have to be carried 
out by the maintenance staff under instructions 
from the central computer. In these conditions the 
computer would have to analyse the customers’ 
orders and produce an economic production plan. 
Having done this the necessary orders would have 
to be transmitted both to the machines and to the 
maintenance staff to change the tools. If we start 
with the customers’ orders, these must be marshalled 
and fed into the central computing machine so that a 
production programme can be worked out and the 
necessary orders placed for raw materials. 

On receipt of a customer’s order the Main Control 
in the computer first refers to the File of Processes 
etc., which translates the order into demands for 
machine time, materials, parts, etc., and quotes the 
price. The customer’s name and address and the 
price are placed in store in the Advices, Invoices, 
etc., section of the computer. Inquiries are made of 
the Stores Records and Production Planning Sections 
of the computer for the required materials and 
production capacity, and these sections reply with a 
date which is the earliest by which the required 
facilities can be provided. To do this the Stores 
Records will contain not only a record of what is or 
will be in store but also the maximum rate at which 
materials or parts can be obtained outside. Here, 
and throughout this diagram, “* Stores,” is to be 
interpreted widely to include materials, parts, trans- 
port, waste, disposal facilities, etc. The Production 
Planning Section will fit the order into the future 
production programme to suit the plant loading. 

The Main Control compares the dates quoted to 
it by the Stores Records and Production Planning 
and accepts one that all can meet. The date thus 


chosen is passed back to the Stores Records and 


Production Planning so that Stores and Production 
capacity can be booked, and is passed to the Advices 
and Invoices section which prints out a delivery 
quotation to be sent to the customer. 

Concurrently with planning new orders as just 
described the computer controls current production 
through its Stores Control and Production Control 
sections. The Production Control issues continuous 
operating instructions as distinct from planned 
performances. Instructions are also passed to the 
Stores Control for the issue of stores. These are 
passed out to the physical stores after deducting the 
appropriate quantities from the records. The Stores 
Control also continuously compares the actual and 
required stocks and issues orders for outside supplies 
to make up the deficiencies. All incoming stores 
must be recorded in the stores records. 

Each production machine calls on maintenance 
services as required, but these are automatically 
brought in on breakdown of the machine or when 
Inspection shows rejects above some pre-set level. 
The need for replacements for rejects is signalled to 
the Production Control section of the computer, 
which provides the required production time and 
stores. When the completed order comes off the 
final production process a signal to the Advices and 
Invoices section of the computer causes a Dispatch 
Note and Invoice to be printed out for sending to 
the customer. 

To avoid large store 
areas, materials must be 
brought into the factory 
at correctly timed inter- 
vais. Lorries should be 
made to conform to a 
flow line, bringing in 
materials at one end of 
the line and loading off 
finished goods at the 
other. This transport 
should be directed from 
the control room in much 
the same way as the com- 
ponents are directed in- 
side the factory. Insome 
cases it may be con- 
venient to remove the 
back of the lorry com- 
plete with raw materials 
and later substitute an- 
other back already load- 
ed with finished goods or 
swarf. Smaller- goods 
may be packed into 
containers ready for tip- 
ping into the dispensing 
hoppers. In general, the 
machines will be arrang- 
ed in lines so that the 
various components are 
produced in a form ready 
for assembly, the lines 





Fig. 13 Leo automatic office, J. Lyons & Co. Ltd. 
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being disposed in such a way that the c 

come to the assembly line at the correct points 
of the greatest problems in automatic lines is 
disposal of swarf and it is usually necessary to pro » 
special conveyors for its removal. : aad 


METHODS OF TRANSFER 


Something has already been said of transf 
machines and continuous processes. Where possible 
continuous flow processes should be used but in 
metal working this is not usually possible, In th 
manufacture of large parts such as cylinder block 
for automobiles, it is convenient to use indexing 
machines in which all the individual items in the 
machine move on together and stop in position the 
operations are then carried out simultaneously, the 
tools withdrawn and the conveyor indexes on to the 
next position so that each component then undergoes 
the next operation in sequence. This Necessitates 
each operation taking up the same amount of time 
or, alternatively, the line must be split and two 
machines used where the operation takes longer 
than the unit time. An alternative method js to 
provide moving buffer stores between the machine; 
as is done in the Russian piston factory, so that each 
machine can work at its Own rate passing on the 
finished article when the operation is completed ang 
accepting a new part for machining from the buffer 
store. This has the advantage that the maching 
may be arranged to run normally at less than mayi. 
mum speed and if a machine breaks down it cap 
then be speeded up for a time to recover the los 
production. 

The machining operations completed, the com. 
ponent parts must be transported to the assembly 
line. Many different methods of transportation 
are available, depending on the size and shape of the 
part. A good general principle is that where possible 
the part should be transported from one machine to 
another with a known orientation, but this may 
prove expensive and for small components it may 
be more convenient to transport them higgledy. 
piggledy and to reorient them by means of dispensing 
hoppers in which the necessary gates are provided, 
Savings can often be made by arranging for the parts 
to be transported up a vertical shaft to a first station 
well above floor level and using gravity to transport 
them from one machine to another. 


CONTROL OF QUALITY 

It is, of course, most important to ensure that all 
the operations are properly carried out so that there 
is no spoilt work. In order to ensure this, took 
must be changed before they become seriously worn. 
Much work has been done on improving the life of 
tools and new methods are being investigated such 
as spark erosion methods of machining to enable the 
machine to run longer without changing tools. In 
some automatic lines the tool wear is checked by 
measuring the forces on the tool, an alarm being 
sounded when the forces exceed a certain value, 
Methods of continuous gauging are being developed, 
but as yet it is usual to control the quality of the 
product by the statistical methods known as “ quality 
control.” It is usual for the machine to work toa 
predesigned programme and to rely on the accuracy 
of machining to maintain the quality of the produc. 
This is what is known in control engineering as oper- 
loop control. 
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Fig. 14 Functional diagram of automatic factory organisation and control. 
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Fig. 15 Organisation of factory for computer control. 


In the flow processes of chemical engineering, 
closed-loop control is often used to ensure that the 
operating conditions of the plant remain constant, 
but as yet it is most unusual for there to be overall 
feedback so that the quality of the actual product 
changes the operating conditions of the plant. In 
automatic transfer machines, the movement of the 
tool or the work may also be controlled by a closed- 
loop system and where automatic gauging can be 
provided while the machining operation is in progress, 
It Is possible to control the operation in such a 
way as to take account of tool wear. In grinding 
Operations, for instance, it may be possible to use 
a pneumatic gauge to measure the diameter of the 
work while the grinding is in progress and when the 
finished size is approached, to make the grinding wheel 
automatically retract, dress itself against a diamond 
and then re-engage to be withdrawn at the instant 


= the diameter of the workpiece reaches the exact 


AUTOMATIC ASSEMBLY 


Except for the assembly of radio components on 
{0 printed circuit plates, very little has yet been done 
On the automatic assembly of machine parts but 
automatic riveting, nut running and other processes 
In the A. O. 


used in assembly are now available. 


Smith Corporation’s chassis assembly plant, the 
rivets were blown through the holes and later headed 
by automatic hammers. Provided a good lead is 
provided, screws may be dropped down tubes and 
screwed into position by pneumatic drivers. 


One of the great difficulties with automatic assembly 
lines is that where quality control methods are used, 
although the number of faulty components may only 
be one in a 1,000, since a large number of small 
components go to make up the whole assembly 
which may be being produced at the rate of several 
per minute, if a faulty component stops the machine, 
it may mean a stoppage several times an hour 
with resulting loss of work. A better method, there- 
fore, is to arrange that each station in the machine 
assembles the component if possible, but if not either 
removes it and inserts another or removes the whole 
assembly from the line and carries on with the next 
assembly. Then an overall automatic test may be 
provided at the end of the line to ensure that no faulty 
assemblies are delivered to the next stage. If such a 
system is operated, it is of course desirable to arrange 
for a small buffer store between each of the opera- 
tions. 

Having assembled components into sub-assemblies 
the sub-assemblies must be tested and assembled 
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into the finished product upon which an overall test 
will usually be made. Final operations will include 
counting the finished products, packing and marshall- 
ing into the quantities required to meet the respective 
orders. A complete order having been assembled and 
packed, the necessary signal must be sent to the 
central control so that the computer can make out 
and dispatch the invoice and make the correct entry 
in the customer’s account. In due course, at the 
end of the month, the automatic office will send out 
the outstanding accounts to the customers. In this 
way, the cycle is complete, but there are of course 
ancillary operations such as costing, accounting and 
the preparation of the pay-roll for the few remaining 
workers, also carried out by the automatic office. 


EFFECT OF AUTOMATION ON LABOUR 


In industry, human activity can be classified under 
the following eight headings: 
. Manual labour; 
. Watching and controlling; 
Memory ; 
Calculation and correlation; 
. Writing and giving orders ; 
. Decision making; 
. Research and invention ; 
. Design of product and plant. 
Of these we have seen that the first five can all be 
replaced by machines already existing or under 
development. At present it is not envisaged that 
there is any possibility of these machines usurping the 
higher attributes of man inherent in the last three 
categories. Nevertheless, computing machines are 
making it easier for him to marshal the facts on which 
to make decisions, to carry out the calculations 
required in research and invention and in the design 
of product and plant. Manis therefore being released 
by automation from the part he has played as a 
beast of burden and a slave in order to exercise his 
creative ability to the full. The challenge of auto- 
mation is for us to show that by education we can 
train a large proportion of our manual workers to 
take their full place in the army of skilled main- 
tenance engineers that will be required, and eventually 
to swell the ranks of the qualified engineers and 
managers who must provide the creative thought. 
The redistribution of the labour into more skilled 
trades has been taking place continuously in America 
throughout this century, as is shown by the compara- 
tive figures for 1910 and 1950 in Table I. It is 
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TaBLe |. Distribution of Workers in Manufacturing 
Industries in the United States. 
Percentage Percentage 
in 1910 in 1950 

Unskilled ad . 36 20 
Semi-skilled 1S 25 
Skilled 5 : 49 | 55 
Total 100 100 


seen that in the 40 years from 1910 to 1950 the 
numbers of unskilled workers in the manufacturing 
industries have been reduced to almost a half while 
the number of semi-skilled and skilled workers has 
been considerably increased. In the Ford engine 
plant in Cleveland, Ohio, there is now one foreman 
to eighteen operatives whereas at the Detroit plant, 
where less modern techniques are used, the ratio is 
1 in 31. The comparable figures for a continuous 
strip mill in a British steel making firm are shown in 
Table II.* It therefore appears that the introduction 

TABLE I1.—Distribution of Workers in British Continuous 

Steel Strip Mill 


Percentage 
after 
modernisation 


Percentage 
before 
modernisation 


Managers, supervisors, Clerical 


staff and technicians , 10 14 
Craftsmen 34 84 
Leading hands 134 6 
Semi-skilled o . 50 534 
Unskilled and juvenile a 23 18 

Total 100 100 


of increased mechanisation is bringing with it a reduc- 
tion in the unskilled labour force with a comparable 
increase in the more skilled jobs. The more a factory 
becomes automatic the more will the labour have 
to be transferred from the unskilled to the skilled 
classes. At the same time the careful design of new 
products and plant becomes more and more important 
and so there is an ever-increasing demand for the 
professional engineers to carry out the necessary 
research, development and design. It is well known 
that there is a great shortage of qualified engineers 


* Source (unpublished): Department of Social Science, Uni- 
versity of Liverpool. 
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in this country and an ever-increasing demand. In 
America, the position has already been reached where 
in the most advanced industries the proportion of 
qualified engineers to the total staff employed is about 
one in ten. 

In considering whether the automatic factory is 
likely to bring with it serious unemployment, it is 
important to remember that since the capital expen- 
diture involved in setting up any automatic factory is 
enormous, it is quite impossible that the change-over 
can be rapid, taking industry as a whole. It is also 
worth noting that in America the manufacturing 
industries employ only 25 per cent. of the total labour 
force and clearly not all industries are suitable for 
automation. Of course, some redundancy will occur 
in industries other than the manufacturing, such as 
in the banks and insurance companies, where clerks 
may be replaced by computing machines and other 
office aids, but on the other hand the increased 
production due to automatic factories will inevitably 
increase the numbers required in the distributive 
trades. The main advantage of automation should 
therefore be a very large increase in productivity in 
certain industries, partly offset by the need for more 
expensive labour which will be justified not only by 
reduced total labour costs but also by the possibility 
of a full 24 hour working of the plant. Eventually 
this should enable the productivity of the country 
as a whole to go on increasing for many years to 
come without increase in the labour force which must 
result in at least some improvement in the general 
standard of living. 

Finally let me quote what was said of Tu Shih who 
set up the first water wheel in China in the year 
A.D. 31.*° Hou Han Shu writes: 

““In the seventh year of the Chien-Wu reign 
period Tu Shih was posted to be prefect of Nanyang. 
He was a generous man and his policies were peace- 
ful: he destroyed evil-doers and established the 
dignity of his office. Good at planning, he loved 
the common people and wished to save their 
labour. He invented a water-powered blowing 
engine for the casting of metal agricultural imple- 
ments. Thus the people got great benefit for little 
labour. They found the * water bellows ’ conveni- 
ent and adopted it widely.” 


It is to be hoped that throughout the next 1900 
years, our descendants may be able to say the same 
of us. 


Acknowledgments.—In the preparation of this 
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APPENDIX 


Referring to Fig. 10, 
For the fantail drive, the equation of motion is 


J 6y + K 0y = T = Fy sin (0y — @y) 


where Fy = wind force, J = moment of inertia of 
mill, and K = frictional resistance of mill, or 


+ Fw Ox 7 a Ow 


= K : 
Ou + 5 Ou + J 





This can be written in the general form 


By + 2 aw, Ox + w,? Oy = w,* 6, . (1) 
>. Fw ie K 
where w,? = — and a = - 
J 2VI Fy 


For the electrical system the equation is 
J 6 + K 04 = T = G (6y — @y) 


where G is constant, leading to an equation of the 
same form as (1), i.e., 


Ox + 2 awn Ox + w,? Ox = w,” Ow _ (2) 


where w,? = G and a = - : 

J 2VIG 

The solution of (2) is of the form 
Oy (t) = Ae "8 + B,e"! 

where r, and r, are the roots of the equation 

+ 2 aw,f + w,? =0 
and therefore 

r, and r, = - t jon 4/1 — a2, 

These roots r, and r, may be of three possible forms 
for a stable system, depending upon the magnitude 
of the damping ratio a. When a< 1-0, the roots 
are conjugate complex with negative real parts and 
the system is underdamped; when a = 1-0, the roots 
are negative real and equal and the system is critically 
damped and when a> 1-0, the roots are negative, 
real and unequal and the system is overdamped. 
Each form of roots gives a different form to the time 
solution. 

The response of the mill to a sudden change of wind 
direction is given in Fig. 16 for different values of the 
damping factor a. Thus if the wind direction 
suddenly changes x deg., the mill might oscillate 
about the new direction with an amplitude which 
may approach 2x deg. if the damping coefficient wers 
very small. 

In the case of the fantail, it is seen that both a and 
w, change with the wind force and so for high winds, 
the system could be underdamped and oscillatory 
while for low wind speeds it would be very sluggish, 

In the electrical system, however, a is independent 
of wind speed and can be adjusted to any desired 
value by changing the gain of the amplifier such that 
the mill does not oscillate violently as it would if a 
were very small. 
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NEW BOOKS 


Some of the books noticed here are selected for 
extended review in ENGINEERING. 


The Drying of Moulds by Portable Dryers. Report of 
the Technical Sub-Committee of the Joint Standing 
Committee on Conditions in Iron Foundries. 
Ministry of Labour and National Service, Factory 
Department. H.M. Stationery Office, Kingsway, 
London, W.C.2. (4s.) 

The Joint Standing Committee was set up following 

the recommendations in 1947, of the Joint Advisory 

Committee on Conditions in Iron Foundries that 

an ordinary open fire should not be used for mould 

drying, other than in exceptional cases in which this 
was unavoidable. 

The report contains 31 recommendations dealing 
with the design of dryers and their use, and the whole 
subject of combustion in portable mould dryers is 
examined. 

The Technical Sub-Committee has worked in 
conjunction with the Foundry Atmospheres Com- 
mittee of the British Cast Iron Research Association, 
and a large amount of work has now been completed 
on coke-fired and gas-fired mould dryers. 


Rectangular Polar Conversion Tables. By E. H. 
NEVILLE. Royal Society Mathematical Tables, 
Vol. 2. Cambridge University Press, Bentley 


House, 200 Euston-road, London, NWA.  (30s.) 
These tables enable r and @ to be determined from 
x and y when the two pairs of real variables are 
connected by the relation x = rcos 6,y=rsin @. 
The range of x and y is of the triangular form 
1<y<.x<. 105. Each page gives for x = nm and 
for the integers y from | to n, values of r and @ (in 
deg.), for y = n and for the integers x from n to 105 
values of log, r and @ (radians), and thus contains 
212 entries. The degree measures of @ vary from 
0 to 45 and are given to 13 decimal places while the 
radian measures (all less than unity) are given to 15 
decimal places. Values of r are given to 13 decimal 
places and their natural logarithms to 15 decimal 
places. The volume is designed to provide pivotal 
values and the angles listed are those, the tangents of 
which compose the Farey integer series of order 105. 
The 3,375 terms of this series cover the unit interval 
approximately uniformly and the denominators of 
the terms in the first half of the series are listed in a 
supplementary table. Interpolation turns out to be 





astonishingly practicable. The first step consists in 


identifying the terms between which y is located. 
This and the subsequent stages in both direct and 
inverse interpolation, are fully described. 


High Temperature Technology. Edited by I. E. 
CAMPBELL. John Wiley and Sons, Incorporated, 
440 Fourth-avenue, New York 16, N.Y., U.S.A. 
(15 dols.); and Chapman and Hall, Limited, 
37 Essex-street, London, W.C.2. (120s.) 


Sponsored by the Electrochemical Society, of New 
York, this book is intended for design engineers and 
for metallurgists, chemists, physicists and others 
concerned with, or interested in, materials for high- 
temperature service and their manufacture and 
examination. The book is divided into four main 
sections, namely, an introductory section tracing the 
development of modern refractories and _high- 
temperature techniques; a materials section covering 
metals, oxides and carbides, borides, silicides and 
other materials of a similar nature, and also 
ceramics; a methods section in which sintering and 
other processes are described; and a _ measure- 
ments section concerned with pyrometry and the 
determination of mechanical and physical properties. 
Thirty-five engineers and technicians from many 
industrial and other establishments in the United 
States have made contributions to the work. 


Design of Piping Systems. Prepared by the M. W. 
Kellogg Company. Second edition. John Wiley 
and Sons, Incorporated, 440 Fourth-avenue, New 
York 16, N.Y., U.S.A. (15 dols.); and Chapman 
and Hall, Limited, 37 Essex-street, London, W.C.2. 
(120s.) 

Written by members of the engineering staff of the 

M. W. Kellogg Co., New York, this book purports 

to cover the entire subject of the structural design 

of piping, with emphasis on the flexibility analysis 
of critical systems. The first chapter deals with the 
strength and failure of materials, then follow studies 
on the capacity of piping systems to carry various 
prescribed loads and comments on the utilisation of 

materials. In addition to questions, relating ‘0 

flexibility analysis, a good deal of space is devoted to 

vibration prevention and control, and other matters 
of interest to designers of piping systems. 
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Book Reviews 


TEACHING *‘ STRUCTURES ”? TO-DAY 


An Introduction to the Theory of Structures. 
By W. MerCHANT and A. BoLToN. Blackie 
and Son, Limited, 17 Stanhope-street, Glasgow, 
C4. (30s.) 

4 study of applied science subjects at university 

level is claimed to be an excellent intellectual 

discipline in its own right. In sustaining this 
caim, it is pointed out that applied science 
courses comprise not only expositions of the 
relevant fundamental principles, but also examples 
of the application of these principles to practical 
situations, emphasis being laid on a critical 
appraisal of the assumptions which must be 
made in order that the principles can be applied 
without undue complexity. The courses are 
made rigorous by insistence on the correct 

solution of many examples, thus ensuring that a 

thorough grasp of the principles is in fact 

obtained. 

University courses in applied science should 
thus impart first of all a thorough understanding 
of the relevant basic principles and their appli- 
cation to specific problems. A critical study 
of conventional assumptions should also be made. 
It is a welcome and unusual feature of this new 
book, by Dr. W. Merchant and Mr. A. Bolton, 
that the authors have included a study of this 
latter kind, but the basic principles themselves 
have not been emphasised at all. This is par- 
ticularly unfortunate in this instance, for in the 
theory of structures these principles are easily 
understood. In the first place, the internal 
forces in the members of a structure must be in 
equilibrium with the external loads. The stresses 
and strains must then be related in accordance 
with the stress-strain laws of the material, and 
finally the deformations of the various members 
must be geometrically compatible. These basic 
principles should not be confused with the 
many techniques which are available for their 
application to specific problems, such as for 
example the familiar slope-deflection equations. 

An incidental but important advantage of 
making these fundamental principles the basis of 
a teaching curriculum is that topics can be 
presented in a logical sequence. For instance, 
in the analysis of a statically determinate truss 
the forces in the bars due to given loads are first 
found by one of the orthodox techniques. The 
elongations of the bars are then determined using 
the stress-strain relationship, which need not, 
of course, be Hooke’s Law. Finally, the 
deflections of the joints, which must be com- 
patible with the elongations of the various bars, 
can be found directly by constructing a Williot- 
Mohr displacement diagram. This simple pro- 
cedure illustrates most of the essential points of 
Structural analysis, and therefore forms an 
excellent starting point in a curriculum covering 
the theory of structures. Surprisingly, however, 
the authors confine their treatment of trusses to 
the determination of the forces in the bars due 
to given loads, and do not discuss the deter- 
mination of deflections at all. 

For a truss which is statically indeterminate, 
say with one redundancy, the force in the 
redundant bar cannot be found from the con- 
ditions of equilibrium. It is necessary to establish 

a condition of compatibility, which states that 
the elongation of the redundant bar must have 
the value which enables it to fit into the sur- 
rounding distorted framework. This condition, 
which determines the value of the force in the 
redundant bar, can be formulated directly with 
the aid of displacement diagrams. 
a greens beams and rigidly jointed 
Pn oat the basic principles of equilibrium, 
‘#ess-strain relationship, and compatibility still 
apply. _ Here, equilibrium is concerned primarily 
pe distributions of bending moment, and the 

€ss-strain relationship is conveniently inte- 
— Over the cross-section to produce the 
Hg ulli-Euler bending-moment/curvature rela- 

nN, provided that Hooke’s Law is obeyed. 





For ‘statically determinate beams, deflection 
calculations may be made by a double integra- 
tion of the bending-moment/curvature relation. 
In the case of indeterminate beams and frames, 
direct integration is still possible, but recourse 
is often made to standard formulae for the slopes 
and deflections produced by various loadings, 
and the compatibility equations are formulated 
by matching slopes and deflections at the supports 
and joints. 

_ The treatment of statically determinate trusses 
is best followed by the analysis of statically 
determinate beams, so that the different tech- 
niques employed in applying the same basic 
principles can be compared. The methods of 
analysis for statically indeterminate trusses and 
beams should also be contrasted at a later stage. 
In not carrying truss analysis even to the point 
of computing the deflections of statically deter- 
minate trusses, the authors have lost the oppor- 
tunity of making these comparisons. 

The most surprising omission of all is the lack 
of any explicit mention of the principle of super- 
position, which in its widest sense is fundamental 
to many branches of structural theory. It can 
be introduced at an early stage in discussing 
the effect of more than one load on the forces 
in the bars of a statically determinate truss, 
regardless of the stress-strain relationship of the 
bars, and it can be applied to the deflections of 
trusses if Hooke’s Law is obeyed. Similar 
applications to beams and frames can also be 
made. Ifthe simple theory of torsion for circular 
bars, which is omitted from the book, had been 
included at an early stage, the superposition of 
deflections and internal stresses in, for example, 
a cantilever subjected to both bending and torsion 
could have been discussed. This would lead 
naturally to the question of the superposition 
of direct and shearing stresses, and hence to the 
analysis of stress, which is perforce introduced 
rather abruptly in this book. 

The book is intended to cover requirements up 
to the second year of an honours course, and in 
consequence most of the more advanced tech- 
niques which deal in an indirect way with the 
problem of compatibility in redundant structures 
arerightly omitted. Forexample, the geometrical 
problem of determining the deflection at a par- 
ticular point of a statically determinate elastic 
truss is usually transformed by Castigliano’s 
First Theorem into the simpler equilibrium pro- 
blem of determining the bar forces in equilibrium 
with a fictitious load applied at this point in 
the desired direction ; a similar transformation can 
be obtained using Castigliano’s Second Theorem. 
A discussion of the function of these theorems, 
which incidentally is better understood if the 
more generally applicable Principle of Virtual 
Work is used instead, is best deferred until the 
third year of an honours course. 

The moment distribution method of analysis 
is also indirect in character, but the basic ideas 
are easily understood. The analysis of continu- 
ous beams by this method can therefore be 
included at a comparatively early stage as a 
contrast to the direct methods. However, the 
treatment of frames in which sway is possible 
presents considerable difficulties, and it is sur- 
prising to find such advanced material treated in 
this book. 

A modern treatment of this subject should 
include some account of the plastic theory for 
mild steel beams and frames. Quite apart from 
its intrinsic interest, a study of this theory is of 
importance as a contrast with the elastic theory 
for redundant beams and frames, where condi- 
tions of compatibility are all-important. The 
special nature of the stress-strain relation 
assumed in the plastic theory has the effect of 
replacing these conditions by the knowledge of 
the bending moments at the plastic hinge 
positions. A comparison of the two theories 


can be made even if the plastic theory is only 
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treated in an elementary way, as would be apprc- 
priate to the standard of this book. Moreover, 
the criticisms of conventional design assumptions 
could have been made more complete if an 
understanding of the underlying ideas of the 
plastic theory had been developed. 

The exposition of techniques is generally good, 
and the book is well supplied with examples. 
Despite its lack of emphasis on basic principles 
—a defect common to most texts in this field— 
this book constitutes, within the reach of a 
student’s purse, a useful addition to the available 
literature. 


FURNACES 


Electric Melting and Smelting Practice. By 


A. G. E. Rosette. Charles Griffin and 
Company, Limited, 42 Drury-lane, London, 
W.C.2. (50s.) 


The author is a member of John Miles and 
Partners (London), Limited, a well-known firm 
of consultants. It may be inferred that this 
has enabled him to obtain more extensive 
experience of electric furnaces of all types than 
would be available to a furnace builder or the 
senior production executive in a company using 
them extensively. His book, therefore, should 
be of value to both. Moreover, he is in a 
position to be objective; to advise on their 
choice and on the best method of operation. 
Quite apart from the merits of his book, Mr. 
Robiette provides a justification for the role of 
a consultant, namely to ensure that his client 
gets the best possible value for his capital outlay 
and, after that, to help him to operate the plant. 

A casual glance through the book might give 
the impression that it is primarily concerned with 
furnace construction. This is certainly not the 
case. The drawings and photographs give a 
superficial idea of how an electric furnace is put 
together, but the details of design and con- 
struction are rightly left to specialist concerns. 
Mr. Robiette does not suggest how they should 
do their job though he gives a considerable 
amount of operating data. 

The book is mainly intended for furnace 
operators, in particular for those concerned with 
the production of iron, steel and ferro-alloys. 
It is therefore of considerable potential interest 
at the present time. Nearly half of it deals with 
arc furnaces for iron and steel, followed by a 
short chapter on arc furnaces for non-ferrous 
metals. Three shorter chapters refer to channel- 
type, coreless induction and resistor melting 
furnaces. The last three chapters are concerned 
with products, namely, electric pig iron, ferro- 
alloys and the electric smelting of ferrous metals. 
There is an extensive bibliography. 

The book is essentially practical. For example, 
detailed consideration is given to the suitability 
of various types of refractories, the best method 
of carrying out furnace lining, the reasonable 
expectation of life, ways and means of prolonging 
it, etc. The consumption of electricity is con- 
sidered for the various types of furnace described, 
together with optimum operating cycles, par- 
ticularly in relation to charging. The metallurgy 
of electric furnace operation is not neglected, 
specifically in the case of arc furnaces for steel. 

A potential electric furnace user will gain 
valuable information from Mr. Robiette’s book 
but he will not be able to determine from it 
whether gas or oil firing might not be preferable 
to electricity. In other words, it is for the man 
who has already made up his mind to use 
electricity. It will not, unless he already has 
considerable experience of electric furnaces, 
justify his dispensing with the services of an 
experienced consultant. 

There is, unfortunately, only one brief reference 


(page 187) to vacuum and inert-atmosphere 
electric furnaces. These are already of con- 
siderable importance in the United States 


(e.g., for the production of titanium and zir- 
conium) and it is understood that there is at 
least one company building them in this country. 
They are of interest to the steel industry, not 
only for melting titanium and its alloys but also 
for the production of certain types of alloy steel. 
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BRITISH AIRCRAFT TO-DAY 


3—MILITARY AIRCRAFT 


In the first two articles, covering the Society of 
British Aircraft Constructors’ annual display at 
Farnborough, which appeared in the September 7 
and 14 issues of ENGINEERING, we described air- 
liners and power units. In this issue we describe 
some of the military aircraft that took part in the 
display. 


VICTOR AND VULCAN 


From the appearance of the two more recent 
V bombers, the Avro Vulcan and the Handley 
Page Victor, it can be deduced that the Handley 
Page forecast of the “ shape of wings to come,” 
for the long-range high-subsonic high-altitude 
aeroplane, has proved to be happier than the 
original Avro solution. The production Victor, 
Sapphire-powered, demonstrated by Handley Page 
Limited, Cricklewood, retains the crescent-wing 
form of the prototype; the fuselage is slightly 
longer and the fin has cleaner lines (Fig. 14), 
a dorsal intake having been eliminated. It has 
a span of 110 ft., a length of 114 ft. 11 in., anda 
height of 26 ft. 9 in. In contrast, the wing of 
the production Vulcan shown by A. V. Roe and 
Company, Limited, Middleton, Manchester, 
has departed markedly from the pure-delta 
form of the prototypes and, as may be seen from 
Fig. 15, the leading edge of the outer wing has 
been brought forward, reducing the thickness 
chord ratio as well as the sweep angle of the outer 
wing and thereby improving performance and 
controllability at both ends of the speed range. 
This modification, it is claimed, will make the 
fullest operational use of the more powerful 
Bristol Olympus engines that are under develop- 
ment. (News that the Olympus B.01.6 has been 
type-tested to 16,000 Ib. thrust has recently been 
officially disclosed, and it is well known that the 
engine has not yet reached the limit of develop- 
ment.) The Vulcan wing span is 99 ft., the length 
97 ft. 1 in., and the height 26 ft. 6 in. 


FIREFLASH FLIES ON SWIFT AND 
HUNTER 


The first air-to-air guided weapon in produc- 
tion for the Royal Air Force, the beam-rider 
Fireflash developed by the Fairey Aviation 
Company, Limited, Hayes, Middlesex, was 
displayed on two aircraft in the flying display, 
the Vickers-Armstrongs Swift Mark 7 and the 
Hawker Hunter Mark 4. The latter is illustrated 
in Fig. 16. On each aircraft, two Fireflashes are 
carried, one under each wing. 

Fireflash is 7 ft. 6 in. long, with a wing span 
of 2 ft. 4 in. The two external boost rockets, 


which increase the overall length to 9 ft. 4 in., 






Fig. 15 The production Vulcan bomber. 
Limited. 


A. V. Roe and Company, 


are used to accelerate the missile to supersonic 
speeds, after which it is guided to its target along 
a radar beam directed from the fighter. 

Other Hunter aircraft flying included the 
T-Mark 7 two-seat multi-purpose machine and 
two Mark 6 ground-attack versions, one with 
24 rocket projectiles (Fig. 17) and the other with 
two 1,000 Ib. bombs under the wings, in addition 
to the two 100 gallon underwing drop tanks 
carried by both aircraft. In the static park a 
long-range Mark 6 interceptor was seen with 
four 100 gallon drop tanks mounted below the 
wings. The standard armament of the Hunter 
consists of four 30 mm. Aden guns in a removable 
gun pack in the lower front fuselage. 


ALL-WEATHER FIGHTERS 


Two Javelin all-weather delta-wing aircraft 
were demonstrated by the Gloster Aircraft Com- 
pany, Limited, Huccle- 
cote, Gloucestershire— 
the F(AW) Mark 7, a 
more powerful version 
of the Mark 1 Javelin 
already in service, and 
the new T.3_ trainer 
aircraft which, like the 
other Marks, is powered 
by two Armstrong 
Siddeley Sapphire 
turbojets. With a 
length of 60 ft. 2 in., 
the T.3 Javelin, is 5 ft. 
2 in. longer than the 
operational version; the 
span, 52 ft., is the same, 
as is also the height, 
17 ft. It is intended for 
training future Javelin 
pilots in high-speed 
high-altitude operation, 

The two naval all- 
weather fighter proto- 
types, the N.113 shown 
by Vickers-Armstrongs 
(Aircraft), Limited, 
South Marston, and 
the D.H.110 shown by 
the de Havilland Air- 
craft Company, Limi- 
ted, Hatfield, both of 
which are on order for 
the Royal Navy, have 
now successfully com- 
pleted their deck-land- 
ing trials on H.M.S. 


Fig. 14 


ages 








The production Victor bomber. 
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Ark Royal. Both aircraft are powered by tw 
Rolls-Royce Avon engines, disposed side-by.sig 
in the fuselage, but in the N.113 (Fig. 19) the 
engine intakes are well forward of the w; 
whereas the D.H.110 uses wing-root ip 
In both aeroplanes all-moving tailplanes are 
employed, in the D.H.110 (Fig. 18) span 
high between twin fins carried on tailbooms, ang 
in the N.113 set fairly low on the single 
but well above the engine effluxes. The NIB 
will, in the production version, have “ blown” 
flaps, in which air from the engine Compressor 
is directed over the flaps during take-off ang 
landing to increase lift. 

In the case of the D.H.110, the constructon 
have released a considerable amount of inform. 
tion on the flying control system, to which it is 
only possible to refer briefly here, Fully 
power-operated tailplane and aileron contro) 
circuits are operated hydraulically, with fyi 
duplication of the entire system. In addition, a 
















third emergency hydraulic supply driven bya 
retractable windmill pump caters for the failure 
of both engines (which provide the drive to the 
normal hydraulic pumps through free-wheeling 































Handley Page Limited. 
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Fig. 16 Hunter Mark 4 carrying two Fairey Fireflash guided weapos & 
Hawker Aircraft Limited. 
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Fig. 18 The DH. 110 carrier-borne all-weather fighter. De Havilland 


Fig. 17 Hunter Mark 6 with 24 rockets and two 100 gallon drop tanks. 
Aircraft Company, Limited. 


Hawker Aircraft Limited. 









shafts) and allows the pilot to bring the aircraft 
into land under control. The rudder controls 
also are fully powered, and autostabilisation 
is provided to eliminate “ Dutch Roll” and 

to improve the stability of the aircraft as a 
weapon-launching platform. Spring-type “* feel ” 
mechanisms are incorporated on all three cir- 
cuits, modified, as necessary, by mechanisms 
responding to aerodynamic factors and normal 
accelerations; and means for changing of the 
control-circuit gear ratios and control-column 
datum angle give pleasant handling during 
approach and when the aircraft passes through 
Mach 1. A two-axis automatic pilot operates 
the ailerons, which are well aft of the centre of 
gravity, as elevons. 

To eliminate the large nose-down trim change 
resulting from lowering the large Fowler 
flaps, the hinged trailing edge of the tailplane 
is arranged to move up automatically as the 
flaps extend. This tail flap is also used to 
increase the camber of the tailplane when the 
latter is deflected through large angles, as 
during approach and landing, giving a valuable 
improvement in low-speed control—an important 
asset for a carrier-borne aircraft. 


4—EQUIPMENT 


We conclude our review of developments seen at the 
Society of British Aircraft Constructors’ display 






















Vickers-Armstrongs (Aircraft) Limited. 


Fig. 19 The N.113 carrier-borne all-weather fighter. 





use of ultra-high-frequency radio-telephone 
equipment and the adoption of airborne tele- 
printer systems. Among the new U.H.F. 
equipment on view, Elliott Brothers (London), 
Limited, Lewisham, London, S.E.13, showed 
a mobile radio-telephone equipment operating 





which provides a vertical and azimuth reference. 
The vertical gyro is monitored to gravity by the 
operation of mercury switches, the latter being 
particular forms of accelerometers. The azimuth 
gyro is monitored to the magnetic fluxgate 
element of a specially developed compass system. 











at Farnborough with a few selections from the 


static exibition. 


RATIONALISED INSTRUMENTS 
In instrumentation, the trend towards inte- 


gration and 


simplicity of presentation was 


exemplified on the Ministry of Supply stand by 
a new type of attitude indicator displaying to the 
pilot the instantaneous aircraft attitude in pitch 
and in roll relative to the earth, Two new 
elements were embodied in this display—the 
indicating instrument itself, by Kelvin and 
Hughes, Limited, Basingstoke, which uses a 
‘roller blind ” indicating element driven through 
pitch and roll synchros; giving a more easily 
Tread and quantitative presentation of attitude to 
the pilot and the “ master reference gyro,” 
by S. G. Brown, Limited, Shakespezr>-street, 
Watford, which in one unit supplies all the 
attitude and azimuth data required by the 
various aircraft systems—not only to the flight 
Instruments, but also to the automatic pilot, 
the weapons system, etc. 
these Systems has been designed with its own 
sensing element, resulting in a multiplicity of 
8yroscopes entailing complexity of layout and 
servicing operations and occupying unnecessary 


space and weight. 


Hitherto, each of 


The master reference gyro consists of two 


8yOscopes mounted in a servo-operated platfomr 





The stabilised platform is in turn under direct 
control of the gyroscopes and it thus provides 
information as to the aircraft attitude (that is, 
angles of bank and elevation) and also heading. 
The master reference gyro transmits these angles 
electrically to the attitude indicator, the heading 
indicator, the auto-pilot, airborne radar and in 
some cases, the weapon system. Thus it 
repiaces the present conventional artificial 
horizon, gyro-magnetic compass and directional 
gyro. It can also provide attitude and azimuth 
reference for other systems. A great advantage, 
absent in the artificial horizon, is that the master 
reference gyro cannot be toppled during aero- 
batic manoeuvres and is so designed that valid 
attitude information is provided in all conditions 
of flight. 

Returning to the “roller blind” concept, it 
is possible that this form of indicating element 
will in future instruments be widely adopted, in 
place of the conventional rotating pointer type 
of movement, to give a linear presentation, 
less confusing to the pilot, of flight data such as 
altitude, rate of climb, airspeed, etc. Such 
instruments are already under development in 
the United States. 


RADIO AND RADAR 


Two approaches to relieving congestion in the 
very-high-frequency band were observed—the 





in the 450/480 megacycles band for ground 
services; and the Plessey Company, Limited, 
Ilford, Essex, displayed a compact aircraft 
ultra-high-frequency transmitter/receiver that 
they are manufacturing under licence from the 
Collins Radio Company of the United States. It 
provides amplitude-modulated radiotelephone 
communication, in the U.H.F. range 225-0 to 
399-9 megacycles and employs double conversion 
superheterodyne circuitry. 

There are 1,750 frequency channels of opera- 
tion available through the use of a remote 
manual control unit and provision has been 
made for selection of any one of 18 pre-set 
channel frequencies within the specified range. 
A guard channel frequency, within the range 
238-0 to 248-0 megacycles and employing a 
separate fixed tuned receiver unit, permits 
constant watch for emergency signals. 

The first occasion on which information to the 
pilot of an aircraft in flight was communicated 
by means of a radio teleprinter circuit was on 
March 6 when a B.O.A.C. Stratocruiser on a 
scheduled flight from London to New York 
successfully recorded meteorological and naviga- 
tional reports transmitted from Great Britain 
and Newfoundland. On this flight, the airborne 
radio teleprinter receiver was designed and made 
by Standard Telephones and Cables, Limited, 
New Southgate, London, N.11; it was on view 


Mobile microwave radar link receiver at 
Marconi’s Wireless Telegraph 
Company, Limited. 


Fig. 20 
Farnborough. 


Air starter for gas-turbine engines. The 
Plessey Company, Limited. 


Fig. 21 


Fig. 22 Palouste air starter trolley. 
Limited. 


Blackburn and General Aircraft, 


at Farnborough together with the airborne 
teleprinter developed by the company’s associate, 
Creed and Company, Limited. Marconi’s 
Wireless Telegraph Company, Limited, Chelms- 
ford, Essex, are another company who have 
entered this field; they displayed a teleprinter 
receiver providing a choice of any one of four 
frequencies in the band 90-130 kilocycles, narrow- 
band selectivity being assured by the use of 
crystal filter circuits. 

Other radio developments included a proto- 
type navigational instrument for measuring drift 
by the Déppler method, shown by Ekco Elec- 
tronics Limited, Southend-on-Sea, Essex; a new 
airborne direction finder, by Marconi, for high- 
speed aircraft, incorporating more efficient 
dragless directional aerials; and a radio alti- 
meter now in quantity production by Salford 
Electrical Instruments Limited, Manchester. 


MICROWAVE LINK 


An important radar development seen on the 
stand of Marconi’s Wireless Telegraph Company, 
Limited, Chelmsford, was the transmission of 
radar information from the Marconi Type S.232 
crystal-controlled radar operating at London 
Airport to viewers at Farnborough. Television 
pictures of aircraft activity at London Airport 
were also relayed over the same link. 

This demonstration was made possible by the 
use of a new microwave radar link, equipped 
with high-quality repeaters using travelling-wave 
tubes, and capable of relaying three radar or 
television pictures. It has been developed at 
the Marconi Research Laboratories and is the 
first of its kind in the United: Kingdom to possess 
these facilities. The mobile link receiver at 
Farnborough is shown in Fig. 20. 

Without the use of a radio link the site of a 
radar display and operations centre has .always 
had to be near the associated scanning equip- 
ment, because of the inherent difficulties and 
extremely high cost of using special cable to 
link the two. With the new microwave radio 
link the radar head and the operations centre 
can now be miles apart if so required; the system, 
furthermore, makes possible the routing of 
“raw”? radar information from a number of 
remotely-sited heads to one suitably-positioned 
operations centre. 

Decca Radar Limited, 1-3 Brixton-road, 
London, S.W.9, demonstrated a new compact 
wind-finding radar specially developed in colla- 
boration with world meteorological authorities, 
as a simple, reliable, robust radar equipment, 
economical to purchase and to operate, provid- 
ing accurate wind information up to heights of 
60,000 ft. and above. 

The prototype Decca glide-path radar exhibited 
is a 3cm. precision-height equipment with a 


Fig. 23 Lightweight gas-storage vessels. 
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dual display system. This display SHOWS the 
height approach picture and also the azimuth 
approach picture from another associated radar 
Thus Decca Radar are now entering the preci. 
sion-field, providing in a single system simul. 
taneous precision approach facilities and a Useful 
measure of area control and surveillance. 


AIR TURBO STARTERS 


The latest trend in starting aircraft 2as turbine 
engines is by means of a starter turbine driven 
by air. A unit of this type, now available under 
licence to the Plessey Company, Limited, Ilford, 
Essex, by an agreement with the Hamilton 
Standard Division of the United Aircraft Gop. 
poration of America, was on view at the statie 
exhibition, and is shown in Fig. 21. Knowng 
the P.T.S.A. 400, it incorporates an engag; 
mechanism, a compound epicyclic reduction 
gear and a simple quick-release mounting, A 
speed-sensitive switch shuts off the air supply at 
the end of the starting cycle, but the turbine has 
been designed with a “ free-running” chara. 
teristic which prevents accidental overspeed for 
all normal inlet conditions. With these features 
the starter weighs only 15 lb. 

With inlet conditions of 30 Ib. per sq, in, 
gauge and 260 deg. C., the starter develops a 
peak power of 95 h.p. and is, therefore, capable 
of starting the largest jet engines in service to-day, 
In many cases engine idling speed can be reached 
in less than 12 seconds. 

For single-engined aircraft a trolley-mounted 
gas-turbine compressor supplies the necessary 
air, or in the case of carrier-borne machines, low 
pressure steam can be used. On multi-engined 
aircraft, as soon as one engine is running the 
remaining engines can be started from air bled 
from the compressor of the running engine. 

An associated solenoid—operated control valve 
regulates the air pressure to the starter for all 
valve inlet pressures up to 250 Ib. per sq. in. 
gauge. 

Compressed air units for supplying air starter 
turbines have been developed by Blackburn and 
General Aircraft Limited, Brough, East York- 
shire, who showed two such units both based on 
the Blackburn-Turboméca Palouste turbo-com- 
pressor, which has an output of 2-725 Ib. per 
second of air at 56 Ib. per sq. in. absolute at 
15 deg. C. 

One unit is in the form of a ground starter 
trolley (Fig. 22) comprising a two-wheeled trailer 
on which are mounted the Palouste compressor, 
batteries which supply the electric starter of the 
Palouste itself, a fuel tank, and lengths of hose 
for connecting to the aircraft. The other unit 
comprises an airborne streamlined pod cor 
taining the same equipment as the ground 
trolley, but designed to be mounted on the bomb 
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Fig. 24 Froude G-type dynamometer. Heenan 
and Froude, Limited. 


Fig. 25 Control and display units of high-precision electronic tachometer. 


85 tons per square inch before fracture. The 
machining of such steels is still a comparatively 
new art, and all machining has to be to very close 
limits. The rocket motor cases are designed to 
withstand internal pressures exceeding 2,000 Ib. 
per sq. in. with wall thicknesses ranging from 
0-024 to 0-1 in. 

Most rocket motor cases, including that of the 
Raven, are made of sheet steel, welded into 
tubular form. High tensile steel, however, is 
not the only possible constructional material, 
and research is being carried out into the 
possibilities of using some of the reinforced 
plastics materials. 

Other types of lightweight pressure vessel 
for gas storage in aircraft or missiles were also 
shown by Bristol Aircraft Limited, as illustrated 
in Fig. 23. The largest spherical vessel shown 
here is of Fibreglass reinforced with epoxy resin. 
A vessel of this type on view at Farnborough 
had a capacity of 2,000 cub. in. and was designed 
to withstand a pressure of 3,300 lb. per sq. in. 
The other containers illustrated are of welded 
low-alloy chromium molybdenum high tensile 
steel, some for working pressures as high as 
6,000 Ib. per sq. in. 

EQUIPMENT FOR DEVELOPMENT 
TESTING 


A new Froude dynamometer was displayed 
by Heenan and Froude Limited, known as the 
G-type (Fig. 24) rated to absorb 350 h.p. at 


The Dowty Group, 


Limited. 


carrier of a jet aircraft for transport between 
stations. 


MISSILE EQUIPMENT AND ROCKET 
MOTOR CASES 


Components and equipment for guided 
missiles were shown by many firms—gyroscopes 
and control mechanisms, for instance, by the 
English Electric Company’s Guided Weapons 
Division, Luton, a sub-miniature radar receiver 
by Elliott Brothers (London) Limited, and 
lest apparatus for evaluating low wander-rate 
gyroscopes used in missile guidance systems. 

Rocket motor cases for guided missiles and 
research vehicles displayed by Bristol Aircraft 
Limited, Filton, included a case for the Raven 
solid-propellant rocket motor which is to power 
the upper-atmosphere-research rocket designed 
by the Royal Aircraft Establishment—itself on 
view on the Ministry of Supply stand. A fin- 
stabilised uncontrolled rocket, it is 25 ft. long 
and 17 in. in diameter, designed for near- 
vertical launching to an altitude of about 100 
miles. The all-up weight is about 2,560 Ib. 
and the payload 100 to 150 lb. The Raven will 
Produce 11,500 Ib. thrust for about 30 seconds, 
giving a velocity of Mach 5 at 70,000 ft. The 
Raven itself is 16 ft. 10 in. long and 17 in. in 
diameter. 

Because of the extremely high strength/weight 
ratios demanded of all rocket motors, they are 
made of low-alloy steels which, with suitable 
heat treatment, can withstand stresses of 75 to 


speeds up to 6,000 r.p.m. Later versions will 
provide for considerably higher speeds. 

By turning the dynamometer end for end, 
thus reversing the direction of rotation, the 
G-type machine virtually does the work of two 
dynamometers. An alternative and lower 
power absorption envelope is afforded, enabling 
a much wider range of engines to be tested on 
one machine. A _ propeller-load characteristic 
is maintained over the whole range. 

The dynamometer carcase, cylindrical in 
shape, is mounted on conventional ball-bearing 
trunnions housed in a cast aluminium outer 
casing which is split on the horizontal centre 
line. 

Torque weighing is effected by a simple lever 
system and is displayed on a spring balance 
mounted on the top of the outer casing. The 
range of this balance is extended by small 
deadweights of known value. Speed indication 
is conventional and the tachometer is housed on 
the top of the outer casing. A Hasler take-off 
is also provided. 

A high precision electronic tachometer (Fig. 
25) displayed as part of a ‘‘ mock-up” gas- 
turbine test console, was shown by the Dowty 
Group Limited, Cheltenham. This instrument, 
by counting the pulses generated by a shaft- 
mounted pickup during a precise time interval 
derived from a quartz crystal oscillator, can 
achieve an accuracy better than 0-005 per cent. 
at 20,000 r.p.m. The pick-up can be either of 
the electro-magnetic or photo-electric type; 
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in the unit on view at Farnborough, a photo- 
electric cell was used, in conjunction with a 
perforated disc mounted on the shaft under 
measurement. 

The Solartron Electronic Group, Limited, 
Thames Ditton, Surrey, showed, for the first 
time, their new universal servo-test console 
designed for developing and testing any type of 
servo control system in existence or likely to 
evolve in the future. It comprises a transfer 
function analyser for measuring the response of 
open or closed-loop electro-mechanical servo- 
systems; a mechanical reference generator, which 
extends the range of the transfer function 
analyser to testing purely mechanical and 
hydraulic servo systems and electro-mechanical 
systems which cannot be tested by a purely 
electrical input; a carrier converter enabling the 
equipment to be used for carrier servo systems; 
and a sub-sonic power amplifier enabling the 
test console to be used for testing servos requiring 
a heavy-current test signal. It also tests or 
energises systems containing heavy current or 
solenoidal relays operating valves, and is especi- 
ally useful for testing the controls of aircraft fuel 
systems whether of the open or closed-loop type. 


MATERIALS AND PROCESSES 


We turn now to a few examples of products, 
materials and processes that may be of interest 
to engineers outside the aircraft industry. 

A fire-resistant electric cable, Unifire F, dis- 
played by British Insulated Callender’s Cables, 
Limited, 21 Bloomsbury-street, London, W.C.1, 
is able to operate for 5 minutes at a tempera- 
ture of 1,100 deg. C. with good fuel, oil, and 
moisture resistance. Fire-resistant seamless 
flexible metal hose, known as Plessiflex, deve- 
loped by Power Auxiliaries Limited (a member of 
the Plessy group) was displayed on the Plessey 
stand; another exhibit of interest on this stand 
was a high temperature plug and socket in which 
the inserts are brazed directly into the ceramic 
insulation. 

A new synthetic rubber, Prescollam, shown 
by Precision Rubbers Limited, Bagworth, Leices- 
ter, is resistant to oils, has good electrical 
properties, and is claimed to be superior in 
tensile properties and wear resistance to any 
rubber-like material hitherto available. It has 
applications as an oil seal, or for diaphragms, 
pump impellers or hose lining, etc. 

Titanium products and raw material in the 
form of sheet, strip, rod, wire, tube and forging 
stock were shown by Imperial Chemical Indus- 
tries Limited, Metals Division. Tubes drawn 
from niobium, titanium and zirconium stock 
were a feature of the Accles and Pollock Limited, 
Oldbury, Birmingham, display. Firth-Vickers 
Stainless Steels, Limited, claim to be the only 
company in Europe specialising in the produc- 
tion of stainless, heat and creep-resisting steels, 
forgings and castings, including precision cast- 
ings to fine tolerances. The Nimonic 100 
turbine rotor blades and Nimonic 90 turbine 
discs, displayed by Henry Wiggin and Company, 
Limited, Birmingham, have enabled engine 
operating temperatures to be pushed up and disc 
cooling to be reduced; this company also 
showed Nimonic rings produced by mandrel 
forging, ring rolling, centri-casting and the flash 
butt-welding of extruded section. Some ring 
profiles extruded by the Ugine-Sejourmet process 
were on view. 

PRECISION CASTINGS 

Examples of close-tolerance high-tensile steel 
investment castings were displayed by David 
Brown Industries Limited, Penistone, Sheffield, 
and also by the Fairey Aviation Company, 
Limited, Hayes, Middlesex, who are now in a 
position to undertake such work for the industry 
generally. The precision, reliability and con- 
sistency of the castings is achieved by close 
metallurgical control of the manufacturing pro- 
cess and by the use of single-piece refractory 
ceramic moulds which ensures reproducability 
of dimensions. 

The new Technical Developments Division of 
the Gloster Aircraft Company, Limited, Huccle- 
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cote, Gloucester, which is to serve industry 
generally and in particular in the field of automa- 
tion, showed a range of electro-hydraulic servo 
mechanisms, flow control valves, etc., among 
which was a valve for the control of the flow and 
temperature of large volumes of warm air. 
Originally developed for air conditioning the 
cockpits of high performance fighters or for 
controlling the temperature of guns and guided 
weapons, this valve is more simple, compact and 
precise in operation than any normal industrial 
counterpart. 

An application of the computer-control system 
of machine tools was displayed by Ferranti 
Limited, Hollinwood, Lancashire, in the form of 
a numerically-controlled template-making ma- 
chine, which enables templates to be prepared 
directly from dimensional information at high 
speed, eliminating much of the hand work that is 
at present necessary with conventional lofting 
techniques. In this, the standard Ferranti con- 
trol measuring systems and servomotors are 
applied to a two-dimensional kinematic machine 
tool with a working area approximately 8 ft. by 
4 ft. The machine is equipped with a high- 
speed routing head designed for rapid cutting of 
sheet material of the type normally used for 
templates in aircraft manufacture. 
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HYDRAULIC LOADING 
SHOVEL 


An addition to the range of equipment made by 
W. E. Bray and Company, Limited, Faggs-road, 
Feltham, Middlesex, is the Hydraloader 20 
shown in the accompanying illustration. It is 
a power crowd shovel with a standard } cub. yd. 
bucket and a safe working load of | ton. The 
crowding action is achieved by double acting 
rams located directly behind the bucket. 
‘Positive bucket control, given by the same 
hydraulic rams, enables the bucket to be used 
as a general purpose tool for such operations 
as digging, dozing, stripping and back grading. 
A dozer blade, snow plough, crane, fork-lift 
and hoist attachments are all available for the 
unit. The hydraulic power for the rams is 
provided by a recently developed gear pump 
delivering approximately 31 gallons per minute 
at 175 r.p.m. and driven from the engine crank- 
shaft by means of double universal couplings. 
A single self-centering lever controls the hydraulic 
assembly and gives simplicity of operation to 
reduce fatigue. The power unit is a Ford Diesel 
engine developing 42 b.h.p. at 1,750 r.p.m. The 
loader has travelling speeds ranging from 
















































The Hydraloader 20 has a } cub. yd. bucket with 
a safe working load of 1 ton. 






1-86 m.p.h. to 11-8 m.p.h. using the standard 
1,200 by 24 8 ply tyres. The main frame and 
booms are constructed from box-section steel 
giving considerable reserves of strength. The 
machine has a turning radius outside the front 
wheel of 15 ft. 6 in. 





As illustrated, this machine has a rotary table 
indexing in sequence with a multi-spindle drilling 
head. Another model is available for tapping. 


HIGH SPEED DRILLING 
AND TAPPING 


Vertical and Horizontal Single- 
purpose Machines 


Two new single-purpose machines for drilling 
or tapping are shown in the accompanying 
illustrations. They are the “* Rota-Matic ”’ verti- 


The two multi-spindle 
heads on this machine 
are cam-controlled, and 
operate with a six- 
indexing-drum 


fixture. 


station 
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cal machine and the ‘‘ Dublo-Matic ”’ hor; 

double-head machine. Both are made 
Mulhead Engineering Company, Limited the 
sole agents being Thomas Ryder and ‘Son, 
Limited, Turner Bridge Works, Bolton, 

The vertical machine has a built-in 4g; 
diameter rotary table which indexes in > 
with either a vertically-mounted hydraulj 
operated multi-drilling column or a controlled. 
pitch multi-tapping column. The rotary table j 
electrically driven and by dial selection inde, 
by 30, 60, 90 or 120 deg. as required. 

As a drilling machine the “ Rota-Matic ” jg 
driven by a 2h.p. motor and has a range of 
10 spindle speeds from 313 to 1,900 p.m 
change being effected by variation of pulley sizes 
The stroke is 6 in., there is a rapid approach of 
150 in. per minute, and a variable feed rate of 
from 1 to 15 in. per minute. When used fo, 
tapping the machine has a | h.p. motor and q 
range of spindle speeds of 280, 580 and 1,12 
r.p.m. through the gearbox, or alternatively 
100, 200 and 400 r.p.m. with a reduction box 
The stroke is 3 in., and the finest pitch cut is 
60 threads per in. In either of its two forms the 
machine is essentially for single-purpose work 
and is capable of the very high rates of output 
expected from this type of machine. It can, 
however, be provided with interchangeable multi. 
spindle heads which can be mounted on the 
drilling or tapping column, and interchangeable 
table plates which can be pre-tooled and sub. 
stituted complete. It is thus possible to change 
quickly from one machining cycle to another, 


DOUBLE-HEAD MACHINE 


The horizontal machine has two multi-spindle 
heads, mounted one each side of a six-station 
drum fixture. Two drum-type feed cams give 
rapid approach, controlled-rate feed and rapid 
withdrawal of the two work heads, and the 
drum fixture is indexed by means of a Geneva 
mechanism. The machining cycle is fully auto- 
matic, the loading being manual or by means of 
a hopper according to the component. A 
normal arrangement is for the front station on 
the fixture to be used for manual loading and 
unloading, while various machining operations 
proceed at the remaining five stations. Allter- 
natively, where the components are suitable, 
the first station can be arranged for hopper 
feeding and the sixth for automatic ejection, 
leaving the four remaining stations for machining. 

The machine is supplied completely tooled 
for a single-purpose operation, but as a result 
of the standard basic design it is possible for 
re-tooling to be carried out at any time to suil 
modifications to the component, or to deal with 
a different one. 
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When filtering such products as hydrosulphites, 
wetting agents, carbon disulphide and pharma- 
ceutical bases in a filter press, the material of 
which the press plates and frames are made must 
be capable of resisting heat and chemical attack, 
as the deterioration of these components is not 
only annoying and costly but might cause 
contamination of the filtered product. 

A problem of this kind recently presented 
itself to the engineering department of Hardman 
and Holden, Limited, Manchester, in connection 
with the filtering of a warm sulphurous oxidising 
liquor in a sulphur-recovery plant. Timber 
plates had been tried, but they became completely 
denatured after a few months of service, eventu- 
ally becoming a mass of spongy fibre. This was 
due mainly to the fact that temperatures often 
reach the boiling point of the liquor for short 
periods. 

The possibility of using BH Permali densified 
wood laminates was then discussed, with Permali 
Limited, Bristol-road, Gloucester, and several 
plates and frames were made, each from one 
piece of material to eliminate metal-rod jointing 
which is liable to chemical attack. After a 
service of twelve months, the filter plates and 
frames proved to be entirely satisfactory, and it 
will be seen from the accompanying illustration 
(Fig. 1) of one of the plates and frames that there 
is no sign of deterioration. It is stated that the 
mechanical properties of the material were 
completely unaffected and a full set of the new 
components has now been put into service in the 
filter press. 

An interesting fact which has emerged from 
the tests is that while the densified wood laminate 
is four or five times more costly than timber, the 
long-time effect of fewer replacements, easier 
handling and quicker turn-round are decisive 
factors in favour of the new material. 

Another interesting application of the Permali 











Fig, 2 Smaller densified wood laminate hood 


| Ver dye vat of cellulose-film spinning machine. 
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for a filter press for 
chemicals, made from 
densified wood lami- 
nates, after twelve months 
of service. It shows no 
signs of deterioration 
from heat and chemical 


attack. 


APPLICATIONS OF DENSIFIED WOOD LAMINATES 


laminates is for a chemical-resisting fume hood, 
which is stated to be the largest structure so far 
made in this material, and has now completed 
two years of satisfactory service. The hood is 
for collecting the acid, soda and dye fumes of a 
cellulose-film spinning machine at the works of 
British Sidac Limited, St. Helens, Lancashire, 
manufacturers of transparent wrapping materials. 
Weighing over 4 tons, the main hood measures 
upwards of 63 ft. in length, and in line with this 
a smaller hood over a dye-vat is 114 ft. long. 
The latter is seen in Fig. 2. No reinforcing metal 
work is used in the structure, which is self- 
supporting and completely rigid. The principal 
method of jointing is by stainless-steel self- 
tapping screws driven in from the outside and 
sealed off from corrosive attack. 

The hoods have to be chemically resistant to 
a mixture of sulphuric-acid vapour and fumes 
from caustic-soda tanks and have also to with- 
stand temperatures of over 100 deg. C. They 
have resulted in improved working conditions 
in the cellulose-film spinning room and encourage 
the operators to maintain the plant tidy and clean. 
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STAINLESS STEEL LINER 
FOR 7,000 TON FORGING 
PRESS 


The machining of a 7 ton stainless-steel liner, 
12 ft. 6 in. long with a wall only 2 in. thick 
and an internal diameter of 5 ft., and its subse- 
quent shrinking into a forging-press cylinder of 
7 ft. 2 in. outside diameter and 15 ft. long, 
recently presented the heavy machine shop of 
English Steel Forge and Engineering Corpora- 
tion, Limited, Sheffield, with one of its most 
difficult operations to date. This is believed to 


A 12 ft. 6 in. long stain- 
less steel liner, of wall 


thickness 2 in. and in- 











ternal diameter 5 ft., has 
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Fig. 1 Plate and frame 
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be the first occasion on which a large forging- 

press cylinder has been fitted with a stainless- 
steel liner to prevent wear of the main hydraulic 
packings and ram head arising from cylinder 
corrosion. 

The cylinder, weighing 65 tons, is for the 
company’s own 7,000 ton forging press. Before 
the liner could be inserted into the cylinder, two 
other components had to be assembled. The 
first was an 184 in. thick flange, 12 ft. in outside 
diameter by 7 ft. 4 in. bore and weighing 18 tons 
with a 14 in. buttress thread, which was screwed 
and shrunk on to the bottom end of the cylinder. 
Then followed a 10 ton plug, 5 ft. in diameter 
by 3 ft. 4 in. long, which was also inserted at 
the top end by shrinking. All four components 
were forgings made by the company, with the 
cylinder and liner being forged under the 7,000 
ton press itself. 

Because of the tendency of the liner to sag 
during machining, special precautions had to be 
taken throughout the turning and boring opera- 
tions. Pre-turned rings, for instance, supported 
by adjustable split spiders, were inserted to 
support the wall internally during each stage of 
turning and boring, whilst plugs were also 
inserted at both ends during turning. On final 
inspection, the bore of the liner was truly 
concentric to the exterior. 

Assembling the various components also called 
for careful organisation and planning. This was 
due to the necessity of heating the flange in a 
plate treatment furnace, half a mile by rail from 
the scene of the building operation, whilst at a 
later stage, even after enlarging the building 
pit to receive the cylinder, only a few inches 
clearance was available from the hook of the 
150 ton overhead crane. 

To shrink in the other components, the 
cylinder, standing upright in the building pit, 
was first heated by gas for four days. The 
flange plug, weighing 10} tons, was then lowered 
into position. This was immediately followed 
by the stainless steel liner, the bottom 64 in. of 
which had to be registered in a groove formed 
by the expanded wall of the cylinder and the 
protruding 64 in. of the head of the plug. 

The whole operation lasted only 20 minutes 
and the final result is entirely successful. 


x *k * 


SKIP HOIST SAVES SPACE 


To lift sand and gravel to the top of a mixing 
and batching plant for the Ham River Grit 
Company, Limited, Valiant Wharf, Battersea, 
a double skip hoist has been installed by 
Humphreys and Glasgow Limited, Humglas 
House, Carlisle-place, London, S.W.1. This 
method was chosen in view of the saving in space 
as compared with some other types of conveyor. 
The installation will consist of a fully automatic 
single-speed twin-skip hoist with a capacity of 
72 tons per hour of sand or gravel, and is designed 
for future conversion to two-speed operation. 
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ATOMIC REVIEW 


More Reactors 


Reactors planned or under development in America: 
Uranium-plutonium system—Liquid-sodium cool- 
ant, heavy-water moderator—Six other projects— 
Automatic Boiling Column reactor—Rotating 
reactor core to facilitate fuel-rod removal— 
High-temperature homogeneous reactors; Notice: 
Paper on Calder Hall. 


Concepts 9 and 10 


As is well known, there is no immediate demand 
for nuclear power in the United States since 
abundant supplies of orthodox fuels still exist. 
Consequently, the American Government has 
undertaken a long-term experimental programme 
involving the construction of many different 
types of reactor, hoping that by so doing they 
will eventualiy be in a position to choose the 
best system for any given purpose. To some 
extent, this diverse programme has been made 
possible by the large-scale availability in America 
of enriched nuclear fuels. Recently the United 
States programme has been enlarged by the 
inclusion of two further approaches. Originally 
(see ENGINEERING, vol. 180, pages 232 and 282, 
1955), the U.S. five-year programme embraced 
5 reactor types: pressurised-water, boiling-water, 
sodium-graphite, aqueous-homogeneous, and 
fast-breeder systems. Since then three more have 
been added: liquid-metal-fueled (ENGINEERING, 
vol. 181, page 221, 1956), organic-moderated 
(ENGINEERING, vol. 181, page 355, 1956), and 
closed-cycle gas-cooled (ENGINEERING, vol. 181, 
page 573, 1956) systems. The two _ latest 
proposals, concepts 9 and 10, arise respectively 
from developments in fuel-element technology 
and the use of liquid metals. Concept 9 reactors 
will operate on a mixture of uranium and 
plutonium as fuel, and concept 10 involves the 
apparently dangerous combination of liquid 
sodium as coolant and heavy water as moderator. 
Both systems are said to be particularly suitable 
for countries outside the United States, where 
the cost of power is high or resources of enriched 
fuels are small. 


Uranium-Plutonium Fuel 


The use of mixed uranium arid plutonium as 
reactor fuel is by no means a new idea, plutonium 
enrichment being implied in the proposals of 
the United Kingdom White Paper, and since 
in any case plutonium is formed in the natural 
uranium fuel elements of the PIPPA reactors 
(as at Calder Hall). In fact, the adoption by the 
United States of gas-cooled (concept 8) and 
uranium-plutonium systems since last year 
suggests that the British papers presented at the 
Geneva Conference were generally convincing. 
Moreover, the decision to use plutonium enrich- 
ment in the United States throws new light on 
the report that Commissioner Willard F. Libby 
of the United States Atomic Energy Com- 
mission had expressed doubts concerning the 
usefulness of plutonium as a reactor fuel. The 
value of the uranium-plutonium system, as the 
U.S.A.E.C. have pointed out, is particularly 
great in those countries which might otherwise 
depend on imports of uranium 235 for fuel 
enrichment, since plutonium may be produced 
in a reactor from the comparatively abundant 
fertile uranium 238. The Commission state 
that a cheap practical plutonium fuel element is 
required, in addition to basic data on the design 
of reactors of this kind. The project is to be 
undertaken by General Electric’s Hanford Works, 
where it is intended to build a small experimental 
reactor. Use will be made of the experience and 
data gained from the Hanford plutonium pro- 
ducing reactors. Previously, plutonium has been 
produced largely for military purposes. Some 
reactor plants in the United States domestic 
programme also entail the use of plutonium, 
but little research and development work in this 
field has so far been carried out in America. 
These details are based on information published 





in the A.E.C’s half-yearly report to Congress 
on its work during the first six months of 1956. 


Sodium-Deuterium Reactor 


The United States Atomic Energy Commission 
announced on August 27 that they had approved 
plans for a nuclear power plant using heavy 
water as moderator, liquid sodium as coolant, 
and slightly enriched uranium as fuel. This 
system is one of the oldest reactor concepts and 
has been recognised as an almost ideal approach 
since 1940—at that time a now famous group 
of scientists at Columbia University suggested its 
use to propel a submarine—but technical pro- 
blems and the priority of the atomic bomb have 
hindered its development. It is of related interest 
that a patent specification has recently been 
published which deals with a system of this kind. 
The patent, which was discussed in ENGINEERING 
on page 346 last week, was taken out in 1954 by 
the Swedish company Allmanna Svenska Elek- 
triska Aktiebolaget, of Vasteras, Sweden. The 
new plant is to be built at Anchorage, in Alaska, 
and is due to start-up in 1962. The announce- 
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1. Lagging. 


Fig. 1 The tenth reactor system adopted by the 
United States Atomic Energy Commission involves 
the use of heavy water as moderator, sodium as 
coolant and slightly enriched uranium as fuel. 
The diagram shows a simplified arrangement of a 
sodium-deuterium system; the number and dis- 
position of the fuel elements may not of course 
correspond to those of the projected reactor. 


3. Fuel rods. 


2. Stainless-steel pipe. 
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ment stated that the A.E.C. had “* approved the 
negotiation of a contract for limited initia) 
design and development work on a uni " 
nuclear power reactor system, as a result a 
joint proposal by the Chugach Electric Assocs 
: ae 
tion of Anchorage, Alaska, and the Nucleg 
Development Corporation of America, White 
Plains, New York. The proposal, which Was 
made under the Power Demonstration Reactor 
Programme, is for a power reactor of 10 MW 
electrical output. 

Apart from the technical advantages of the 
system, other considerations which led to jg 
adoption by the A.E.C. included the Proposed 
location of the site in a very high-cost powe, 
area. In Alaska, as in Britain, nuclear Power 
could become economically competitive Sooner 
than in regions where the cost of conventiona| 
power sources were low. Another factor was 
the low enrichment required in the reactor fue}: 
less than 1-5 per cent. of uranium 235 would tk 
necessary (natural uranium contains 0-7 per 
cent. uranium 235). This made the reactor par. 
ticularly desirable for use outside the United 
States. The Chugach reactor will probably 
require re-fueling about once every two year 
and is expected to compete favourably with 
existing local hydro-electric sites which produce 
power at a cost of between 10 and 12 mills per 
kWh (1 mill is about 0-09d.). It may also be 
used to produce steam directly for domestic or 
commercial heating. 

The project will be divided into three phases: 
first, initial design and development, second, 
final development and engineering design, and 
third, construction, start-up and _ operation, 
After completion of a phase, each of the three 
parties to the contract will have the option of 
deciding whether results of the completed work 
justify continuation. For the initial phase the 
Commission are asked to contribute a maximum 
of 2,225,000 dols.; if the project is completed 
the Commission would contribute a maximum 
of 18,325,000 dols. for the development, design 
and construction of the reactor and for post- 
construction research and development work. 
Of this 54 million dols. would be for the reactor 
itself, to which the Commission would retain 
the title. The Commission is also asked to 
waive the use charge for the necessary fissile 
material and heavy water. The Chugach Elec- 
tric Association would provide the reactor site, 
the turbine-generator facilities and buildings. 
For these purposes the Association would assume 
capital costs totalling 1,830,000 dols. 

The advantages of the sodium-deuterium 
system (strictly sodium and heavy water or 
deuterium oxide—D,O) are said to arise from 
combining the best available reactor coolant 
with the best available moderator. However, 
although extensive technical knowledge has been 
accumulated on the use of either heavy water or 
sodium alone in reactors, considerable research 
and development are necessary before the two 
can be employed together in a single plant. 
Possibly the main problem is the dangerous 
chemical reaction which would occur if the 
sodium and water came into contact. In a 
sodium-water heat exchanger the danger could 
be minimised by adequate precautions, but in the 
core of a reactor where distortion of the fuel 
elements due to the formation of fission products 
and other causes may lead to fracture of the fuel 
channels which carry the sodium coolant, the 
hazard may be more serious. But the arrange 
ment adopted may well overcome this difficulty. 

The advantages which the sodium-deuterum 
system is stated to have are: 1. operation of 
fuel of low enrichment, or in plants of 50 MW 
capacity (electrical) and above on natural 
uranium; 2. generation over a wide range of 
power levels without radical design changes; 
3. long fuel lifetime and high burn-up of con- 
tained uranium 235 (50 per cent.) and produced 
plutonium (25 per cent.)—plutonium is made in 
sodium-deuterium reactors in the ratio of three 
plutonium atoms for each four uranium 
atoms undergoing fission; 4. the prospect—due 
to the combination of low enrichment fuel and 
high burn-up—of disposing of spent fuel elements 
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without reprocessing, should chemical processing 

costs remain higher than the value of the recover- 

able fuel; 5. delivery of heat at very high 
temperatures without high pressures as a result 
of employing sodium coolant (sodium boils at 

1,621 deg. F. or 880 deg. C.)—modern high- 
efficiency turbines can thus be used and since the 
coolant is not under pressure thin-walled tubes 
can be employed; 6. no need for large expensive 
pressure vessels since the entire reactor system 
operates at low pressures—cost and maintenance 
problems are thus reduced; and 7. the general 
advantages of heavy water as a moderator. 
These are first that it is more efficient than 
graphite or light (ordinary) water, since it 
absorbs fewer of the valuable neutrons required 
to continue the chain reaction; and second that 
it assists in the control and stabilisation of the 
reactor. Draining out the water, for example, 
will shut-down the reactor, while boiling, which 
normally should not occur in this system, would 
also probably have the same effect. In any case, 
the moderating properties of heavy water fall 
with increasing temperature, so lowering the 
reactivity of the core. Finally, lowering or 
raising the moderator level can be used for major 
regulation of the reactor, as was explained on 
pages 346 and 347 last week. 

A representative of the Nuclear Development 
Corporation has predicted that full development 
of the sodium-deuterium system will make 
possible the generation of electricity at a cost 
of 7 mills (approximately 0-63d.) per kWh in 
a plant as small as 10 MW capacity. However, 
although the use of natural or only slightly 
enriched uranium as fuel and the high burn-up 
make the system suitable for countries in which 
uranium separation and fuel processing are 
prohibitively expensive, its practicability depends 
on the availability of heavy water. At present, 
heavy-water resources in Britain and elsewhere 
do not seem abundant—graphite is a much more 
familiar moderator in this country—but it is 
understood that a number of heavy-water plants 
are under construction or already in existence 
throughout the world. The U.S.A.E.C. now 
charges 28 dols. a pound for heavy water for 
reactor use. 

The Chugach reactor will comprise a tank of 
heavy water from 6 to 8 ft. in diameter, tightly 
sealed except for a closed-cycle heat exchanger 
which extends into the tank to carry heat away 
from the moderator. Immersed in the tank in 
a lattice arrangement will be an array of stainless 
steel pipes more than 6 ft. long. Each pipe will 
contain a cluster of stainless-steel-clad uranium 
rods, } in. in diameter and about 6 ft. in length. 
The choice of stainless steel is interesting in that 
Partitions of this material within the reactor 
core have previously been rejected on grounds of 
heutron absorption; metallurgical developments 

and considerations of cost have presumably led 
to the decision in favour of stainless steel as 
against zirconium. The pipes will open at 
each end into a tank of liquid sodium which flows 
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round the fuel elements and transfers the hea 
to a heat exchanger. The fuel-rod compartments 
are carefully insulated from the surrounding 
water to prevent mixing of the two liquids, while 
thermal insulation round the fuel pipes also 
assists in keeping heat from the moderator. 
An arrangement similar to that described is 
illustrated diagrammatically in Fig. 1, though 
neither of the heat exchangers (for moderator 
and coolant) is shown and no means for remov- 
ing fuel elements is indicated. 

Surrounding the heavy-water tank is a reflector 
of graphite and a 10 in. iron shield surrounds the 
reflector. High-density concrete forms the outer 
covering of the reactor. It is stated that the 
reactor will compare favourably in size with 
those operating on highly enriched fuels. 
This arises partly from the use of heavy water 
as moderator since it requires only one-fourth as 
many collisions with deuterium as with graphite 
atoms to slow the neutrons sufficiently to cause 
fission of uranium 235. A smaller bulk of 
moderator is therefore sufficient and the neutron 
flux is greater. 


Small Capacity Plants 


The Chugach proposal is one of seven made 
in response to the second invitation of the 
U.S.A.E.C. under its Power Reactor Programme 
designed to bring the resources of American 
industry into the development of engineering 
information on the performance of nuclear 
power reactors. Two of the six other proposals 
for small-capacity plants have previously been 
approved for contract negotiation. These are: 
(1) Rural Co-operative Power Association, Elk 
River, Minnesota—a closed-cycle boiling-water 
reactor plant with an electrical capacity of 
22 MW: and (2) Wolverine Electric Co-operative 
of Big Rapids, Michigan—an aqueous homo- 
geneous reactor plant of 5 to 10 MW electrical 
capacity. The four other proposals which are 
still under consideration by the Commission 
are: (1) City of Holyoke Gas and Electric 
Department, Holyoke, Massachusetts—a gas- 
cooled reactor with closed-cycle gas turbine 
having an electrical capacity of 15 MW; (2) City 
of Orlando, Florida—a liquid-metal fueled 
reactor with an electrical capacity of 25 to 
40 MW;; (3) City of Piqua, Ohio—an organic- 
moderated reactor of 12-5 MW electrical cap- 
acity; and (4) University of Florida, Gainesville, 
Florida—a pressurised-water reactor plant giving 
an electrical output of 2 MW. 


ABC Reactor 


Recently we referred to the SPERT reactor 
experiments being carried out by the Atomic 
Energy Division of the Phillips Petroleum 
Company at the National Reactor Testing 
Station, Idaho (ENGINEERING, July 6, page 
30, 1956). The water-cooled test reactor 
SPERT 1 has been used to determine the feasi- 
bility of a novel boiling reactor system known 
as the ABC (Automatic Boiling Column) 
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reactor, which is based on a once-through as 
distinct from a closed circulation cycle. It 
requires no control rods and is governed by the 
rate at which water is pumped into the reactor 
core. It would also seem that the steam pro- 
duced by an ABC reactor would be drier than in 
normal boiling reactors. This system has been 
described by Mr. C. F. Leyse of the Internuclear 
Company, Clayton, Missouri, in an article in the 
American journal Nucleonics (vol. 14, page 42, 
1956). 

Familiar forms of boiling reactor (see ENGI- 
NEERING, vol. 180, page 228, 1955) employ forced 
or natural circulation and have the advantage 
of simplicity. However, the ABC system, 
though sacrificing little in simplicity, has addi- 
tional advantages including easy automatic 
control. The two systems are shown diagram- 
matically for comparison in Fig. 2. The ABC 
unit, which has an elongated reactor core only 
partly filled with water, appears on the left. 
The reactor tank has a water inlet below and 
a steam outlet above the core. The reflector 
may also consist of water contained in a separate 
tank surrounding the core tank as illustrated, 
or be of solid form within the main vessel. 
The primary circuit of the reactor would comprise 
the reactor, turbine, condenser, and the feed- 
water pump for the reactor vessel. 

The reactor, which is initially empty, is 
brought on to power by pumping water into 
the reactor tank through the bottom inlet. 
Eventually the water reaches a level in the reactor 
core at which its moderating effect is such as to 
raise the reactor above criticality. The reactor 
power then increases during a relatively short 
period, which is primarily a function of the 
inlet water pumping rate, to a power level also 
determined by the pumping rate—provided 
pressure and inlet temperature remain constant. 
Thus, within limits, the faster the flow rate the 
greater the power output, since the higher the 
water level, the longer the section of reacting 
core. Thus, more heat is supplied by the core 
and more is required to maintain boiling through- 
out the water column. At 15 deg. C. inlet 
temperature a power of 310 kW would correspond 
to a flow rate of 2 gals. per min. The start-up 
flow rate is generally smaller than the full-power 
rate owing to the rapidity of steam formation 
when the reactor is on power, and for start-up 
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1. Reactor shell 9. Header and expansion bellows 
2. Fuel rods 10. Core tube sheet 
3. Reflector 11. Collector vent 
4. Seal ring 12. Double seal rod changing tube 
5. Moderator inlet 13. Central thimbie 
6. Moderator outlet 14. Control rod tubes 
7. Coolant inlet 15. Motor : 

8. Coolant outlet 16. Rotating support ring 


Fig. 3 Fuel rods must be removed from a reactor 

occasionally and openings must be provided in the 

reactor shell. If the reactor is pressurised and 

the openings are numerous sealing is difficult. 

Alternatively, a rotating core with a few openings 
could be used. 
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Fig. 4 External circuits for rotating core reactor (Fig. 3). 
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Pressures can be applied to both 


moderator and coolant circuits by means of a pressure reservoir using helium gas. 


a small pump in parallel with the main feed- 
water pump can be used. 

In steady-state operation the lower part of 
the core is cooled by boiling within the liquid, 
while the upper part is cooled by a steam-water 
mixture. This would appear to mean that the 
steam leaving the core is drier than in the case 
of a reactor in which the core is entirely sub- 
merged. Other advantages are that shut-down 
can be simply achieved by lowering the water 
level until it is just sufficient to remove the 
reactor heat, and control can be effected in a 
similar manner, making control rods unneces- 
sary. This method of control is in some respects 
similar to that described in a patent specification 
which was summarised on page 347 of 
ENGINEERING last week, since there too control 
would be by changes in moderator level. In 
addition, the reactor can be kept critical at low 
power ready for rapid start-up; and “ blind” 
starting with minimum instrumentation is pos- 
sible in the cold to power range. Finally, 
enriched fuel burn-ups in excess of 75 per cent. 
are said to be feasible. 


Fuel Rod Removal 


In many reactors the fuel is in the form of 
sheathed rods of fissile material, which may be 
inserted into or removed from the core through 
openings in the reactor shell. However, when, 
as is often the case, the coolant is pressurised, 
these openings must be such that a tight closure 
can be maintained to avoid pressure loss and 
escape of the possibly expensive coolant with its 
associated radioactivity hazard. This is generally 
difficult, for gaskets and packing seals can seldom 
be made entirely liquid proof. Furthermore, as 
higher power outputs are required so fuel rods 
become more numerous, and it becomes increas- 
ingly difficult to provide openings for each rod 
position and still build a pressure vessel of 
adequate strength. This problem is discussed 
by Mr. G. E. Haddeland in the Canadian journal 
Modern Power and Engineering (vol. 50, no. 8, 
page 85, 1956), and a solution suggested for 
reactors cooled and moderated by the same 
liquid. 

Some of the approaches previously considered 
include the use of a single large removable cover 
on the reactor shell; but with pressures in the 
region of 1,000 lb. per sq. in. and temperatures 
close to 260 deg. C. attaching and sealing such 
a cover would be very difficult. Another method 
would be to build the shell large enough to allow 
insertion of the rods as a bundle through a 
single opening and then opening them out into 
position by some mechanism once they were 
inside. This, however, would mean using a 
very large shell, with attendant expense and 
operational losses, and additional shielding. 
A third system, similar to that employed in a 
Soviet experimental low-power reactor and des- 
cribed at the Geneva Conference, involves 
rotating the fuel rods within the reactor shell 
so that any rod can be brought under one of a 
few openings. In the case of the Soviet reactor 


the rods were suspended in the liquid moderator 
and coolant from a circular support and rotated 





to come under a single slit opening. For a low- 
power reactor at room temperature and atmo- 
spheric pressure such a method would be 
adequate, since separate coolant channels are 
unnecessary, but it would not be easy to apply 
in a power reactor. 

The solution proposed by Mr. Haddeland is an 
extension of the last method and makes use of a 
reactor in which the entire core revolves. The 
general design of such a reactor is illustrated in 
Fig. 3. The core consists of upper and lower 
tube plates with inter-connecting tubes to carry 
both fuel rods and coolant. These are arranged 
in concentric circles about the tube-plate axis. 
A dished header is sealed to the lower tube plate 
and has an outlet through expansion bellows and 
a ring-and-groove seal. The reactor core, which 
is suspended from the extended outer edge of the 
upper tube plate, is supported and rotates in a 
circular groove embodied in the reactor casing, 
which is lubricated by graphite or a grease 
insoluble in water. The core is rotated by 
means of an enclosed motor, and self-lubricating 
reduction gears acting on the outer edge of the 
upper tube plate. Normally, fuel rods would be 
replaced at intervals of several weeks or longer, 
so that the core would only be rotated infre- 
quently. Pressures would be equalised between 
the moderator and the coolant above the upper 
tube sheet so that a tight seal between core ring 
and supporting groove would be unnecessary 
as long as the same liquid is used as both coolant 
and moderator, or the moderator is a solid. 
This, of course, limits the application of the 
design. In addition, a seal is required immedi- 
ately below the bellows as indicated in the 
drawing. 

Fig. 4 shows a suitable external circuit system 
for use with a reactor having a rotating core. 
Both coolant and moderator circuits, including 
the various components, are entirely filled with 
liquid. Pressure can be applied to both circuits 
by compression of an inert gas such as helium 
within a pressure reservoir or by generating 
vapour of the desired pressure inside the reservoir. 
Owing to the possibility of fuel-element sheath 
failure, monitoring for changes in pressure, 
temperature or reactivity are necessary and 
Fig. 5 illustrates means by which single rods 
or groups of rods can be separately monitored. 
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Fig. 5 Header for rotating-core reactor (Fig. 3) 
to permit separate monitoring, for fault conditions 
of single fuel rods or groups of rods. 
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Hot Reactors 


On page 221 of ENGINEERING, vol. 18] 
referred to the United States homogeneous - 
reactors Los Alamos Power Reactor Experimen 
(LAPRE) | and 2, which are being devel : 
to provide data for small special-purpose 
packaged power plants operating at tempera : 
in the region of 450 deg. C. Solutions of hj 
enriched uranium in phosphoric acid and 
uranyl phosphate serve as fuel, the Corrosive 
properties of which entail the use of £Old-lined 
stainless-steel vessels. Some further details of 
these schemes, the first of which became Critical 
several months ago but has since developed a 
leak, have recently been published. 

LAPRE | has a reactor vessel 15 in. in diameter 
6 ft. long and 3 in. thick, and a forced-circulation 
internal heat exchanger. It is designed to 
produce 2 MW heat in a 7-5 molar phosphate 
solution. Steam, which is generated in the 
heat-exchanger coils at 3,600 Ib. per sq. in. and 
430 deg. C., exchausts to atmosphere through a 
throttling valve. Control rods, clad in platinum 
are inserted near the reactor core. Control is 
difficult, but with dangerously radioactive soly. 
tions at high pressures, the alternative of varying 
the quantity of solution in the reactor is unattrac. 
tive and this is to be avoided in the LAPRE 
systems. The vessel is in four sections: at the 
bottom is a storage volume so arranged that a 
chain reaction cannot occur; then there are an 
internal heat exchanger, the reactor core anda 
volume to enclose the vapour produced. Nega- 
tive temperature coefficients of reactivity in the 
system ensure stability. Operation of LAPRE2, 
which is to be a power reactor rated at 1-3 MW, 
is due to begin in September. In this case the 
phosphoric acid solution will be stronger and 
the vessel will be only 3 in. thick. Pressures will 
be in the region of 800 Ib. per sq. in. The vessel 
will again be 15 in. in diameter but only 4 ft 
long, and its interior will be clad in gold. Steam 
is once more generated in an internal heat 
exchanger by contact with the fuel solution. 

Some further details have also been given 
concerning the Liquid-Metal-Fuel Reactor 
(LMFR) which is planned by the Brookhaven 
National Laboratory, Upton, New York. Itis 
expected that engineering development will 
shortly begin and the United States Babcock and 
Wilcox Company is to contribute towards this 
work. A loop circulating a uranium-bismuth 
slurry, which is likely to serve as fuel in this 
plant, has been operated at about 500 deg. C. 
in a reactor. This is roughly the temperature 
envisaged for normal operation. Removal of 
volatile and dissolved fission products was shown 
to be feasible. Corrosion problems have been 
tackled and addition of magnesium and zirconium 
to the bismuth solution has proved effective in 
reducing mass transfer from the containing 
vessel and elsewhere. 

Work at Harwell on high-temperature reactor 
systems was discussed in ENGINEERING, on page 
474 of vol. 181, 1956. 


Notice 


An ordinary meeting of the Society of 
Engineers, 17 Victoria-street, Westminster, S.W.1, 
is to be held at 5.30 on October 1, 1956, in the 
apartments of the Geological Society, Burlington 
House, Piccadilly, W.1, where Mr. K. J. Frost, 
A.M.I.Mech.E., will deliver a paper on “ The 
Calder Hall Nuclear Power Station.” The 
author will discuss the general problems asso 
ciated with plant of this kind and the reasons 
for the present form of its design. Subsequi 
he will give a more detailed description of the 
plant itself. 


x k * 


A special type of screwdriver, for use in awkward 
places, has been introduced by J. Stead 
Company, Limited, Cricket Inn-road, Sheffield, 2 
It is a stubby tool with a short thick balde and 4 
fat handle through which a loose tommy bar Is 
fitted. The bar cannot fall out as it is pin 
flat at each end. 
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LIFEBOAT OF FIBREGLASS REINFORCED PLASTICS 
Advantage Taken of Monolithic Construction 


he problems of ships’ lifeboats has 
always been that of maintenance under adverse 
tropical and storm conditions. With wooden 
boats, there is always the danger of seams 
opening in dry weather and, with light alloys, 
there is an ever-present risk of corrosion. Both 
these dangers are avoided by the use of rein- 
forced plastics and, consequently, boats made 
from this material are now on the market. 

Among the latest to be produced are those now 
being made by Woodnutt and Company, Limited, 
st, Helens, 1.0.W., one of which was recently 
exhibited in the yard of J. Stone and Company 
(Charlton), Limited. A particular feature of this 
jifeboat’s body is that it is entirely made from 
Fibreglass and a Beetle polyester developed by 
BI.P. Chemicals Limited. The boat, which 
complies with all shipping regulations, has a 
length of 24 ft., a beam of 8 ft. and a moulded 
depth of 3-3 ft. The weight, with fixed fittings, 
is only 24 cwt. and the davit weight 33 cwt. It 
has seating for 42 persons, and can carry 316 lb. 
of water and 110 lb. of food, in addition to the 
standard emergency equipment laid down by 
the Ministry of Transport. 

These boats are made by first constructing a 


One of t 


Fig. 1 Made entirely of glass-fibre reinforced 
plastics, this ship’s lifeboat is 24 ft. long and has 
seating accommodation for 42 persons. 


Fig. 2. The moulded superstructure is forced into the moulded hull before 


wooden pattern, and over this is laid a skin of 
plywood and plaster, smoothed and polished 
to form the male pattern. A female mould is 
formed on this by layers of resin and glass 
cloth built up to the required thickness. When 
hard, the pattern is withdrawn and the interior 
of the mould polished with a wax polish. The 
hull.is then formed within this mould by layers 
of plastic and Fibreglass, built up to a thickness 
of in. Into this, before it is set, is forced the 
second part of the boat, which consists of the 
superstructure and the frames for the water- 
tight compartments, as shown in Fig. 2. The 
whole is then cured to form a truly monolithic 
structure. The super-structure is also made up 
of Fibreglass and resin, moulded in a similar 
manner, and contains no metal or wood inserts. 
When the complete structure is cured it is 
withdrawn from the mould, after which it needs 
no further treatment, though it may be painted 
if desired. The smoothness of the finish depends 
upon the smoothness of the mould which again 
is determined by the finish of the male pattern. 

The keel is of particular interest, for it is 
hollow and is divided into diagonally-braced 
watertight sections, all entirely of Fibreglass 
reinforced plastics (F.R.P.). Despite its com- 
paratively small size the keel has withstood some 
very extensive loading tests, in particular one in 
which a test load of 11 tons was spread over a 
length of 3 ft., the keel being supported at each 
end only. Tests of the complete boat, under 
normal full-load conditions, showed a keel sag of 
#; in. when the boat was lifted by its hooks; this 
was increased to } in. at 100 per cent. overload, 
after which there was no permanent sagging or 
any sign of straining, and the bouyancy tanks 
remained tight. The boat was manoeuvred 
under oars and sail, and successfully passed the 
official Ministry inspection. The seats have 
been given a matt surface to prevent sliding, in 
accordance with the requirements. 


IMPERVIOUS AND FIREPROOF 


FRP is impervious to both dry rot and wet 
rot, and cannot be attacked by insects. No 
painting is necessary, but colour can be intro- 
duced during manufacture, and it is then 
impregnated right through the laminate. 

Weight for weight, the tensile and impact 
strength of an F.R.P. hull is about double that of 
a wooden one, and it does not absorb water with 
time. Shrinkage during moulding is negligible. 
For fire conditions, model boats were tested in a 
tank of salt water, on the surface of which was 
a mixture of Diesel oil and petrol; this mixture 
was ignited and attained a temperature of about 
600 deg. C. for 18 minutes, after which time the 

boats were still floating 
freely and were virtually 
undamaged. Unlike an 
alloy hull, the plastics 
boat acts as a heat insu- 
lator and a compara- 


the latter is cured. The two parts thus form a monolithic structure. 


Safety control for pneumatic machines. 


381 


tively cool temperature can be maintained with in 
it, so that the chance of survival during a fire would 
be considerably greater than in either a wooden 
boat or in an alloy one. 

The cost of the boat is approximately 10 per 
cent. greater than that of a light-alloy craft of 
the same length, but the seating capacity is 
increased from 36 to 42, so that the cost per 
person is less. 

The normal arrangement is for oars and 
emergency sail but provision can be made, when 
moulding the hull, for mounting a propeller, to 
be driven either by an engine or Fleming hand- 
gear. Damage to the hull can be very easily 
repaired by smoothing the edge of the damaged 
area, cutting away as much as necessary with a 
saw, and building up layers of Fibreglass and 
plastic over the hole. The repair can be cured 
in times varying from 20 minutes to 24 hours, 
according to the amount of accelerator included 
when putting on the laminates. A complete 
repair kit can be carried with every boat, and 
very little skill is required to use it. 
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ELECTRIC SANDER 


A larger version of the orbital sander originally 
made by Black and Decker, Limited, Har- 
mondsworth, Middlesex, is now on the market 
and was demonstrated at the Building Plant 
Exhibition at Newcastle. The platen is 44 in. 
wide by 11 in. long and is designed to take half 
a standard sheet of abrasive. The tool weighs 
84 Ib. net. It has quick-release clamps for the 
abrasive sheet. As the platen has a clear 
overhang it can be used for working into 
corners and is well suited for delicate rubbing- 
down jobs such as the feather edging of paint 
work as well as the heavy work in finish sanding 
of large areas. It is fitted with pre-lubricated 
sealed ball bearings throughout and the brush 
holders are readily accessible. The platen 
makes a } in. diameter orbit, 5,000 times a 
minute. 


x * * 


SAFETY CONTROL 
Air Valve Requires 
Two-Handed Operation 


The accompanying illustration shows a two- 
handed safety valve which has been designed by 
Martonair Limited, Parkshot, Richmond, Surrey, 
for use where it is essential that both an operator’s 
hands are engaged before operating such a 
machine as a pneumatic press or guillotine. It 
consists of two buttons which, when pressed 
within half a second of each other, will open a 
pressure operated spring return valve, thus 
admitting air to a cylinder and actuating the 
machine, either directly or indirectly. 

No signal will, however, be given if one button 
is depressed after the other or if one is continually 
depressed and the other then pressed. It is 
also impossible to perform one cycle (or part of a 
cycle) by incorrect operation. 


The push buttons are far enough 
apart to require both hands. 
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Refrigerated vehicles are required, particularly in hot climates, for the transport of frozen food. 
The one illustrated here can maintain an internal temperature of — 10 deg. F. for 12 hours without 
running the compressor, in an external temperature of + 110 deg. F. 


REFRIGERATED VEHICLES 
Road Transport of Deep-Frozen Food 


For the transport of chilled or frozen food, 
both in this country and abroad, refrigerated 
vehicles are required, and two such were recently 
demonstrated by Hawson, Limited, North 
Acton-road, London, N.W.10. One of these 
-was designed for operation in hot climates and 
consisted of a Bedford 7 ton chassis with a box 
van body built on to it, as shown in the illus- 
tration. The exterior of the body is panelled in 
unpainted embossed aluminium which forms a 
heat-reflecting surface and can easily be cleaned. 
Aluminium has also been used for the interior 
linings. The whole vehicle has been developed 
in co-operation between Hawson’s and _ the 
British Aluminium Company, Limited. Standard 
sections and standard panelling have been used 
throughout with a non-slip tread plate for the 
floor. The embossed sheet for the exterior is 
“* half-hard ”’ and effectively masks any accidental 
scratch marks. 

The refrigeration equipment has been designed 
by Frigidaire, Stag-lane, London, N.W.9. The 
system in the Bedford van uses a Crompton- 
Parkinson generator driven from the main 
propeller shaft through a transfer box and 
supplying a traction-type motor coupled to the 
compressor unit. The use ‘of the transfer box 
was determined by considerations of wear on the 
gearbox and the fact that it was inconvenient 
to take a drive from the front end of the engine. 
Within the vehicle there are eight Winget 
‘holdover plates” which are kept at a very 
low temperature while the compressor is running, 
and serve to maintain the low temperature of 
the interior while the van is stationary. The 
design is such that a temperature of — 10 deg. F. 
can be maintained within the vehicle for a 
period of 12 hours without having to run the 
compressor, when the external temperature is 
+ 110 deg. F. The interior dimensions of the 
body are 6 ft. wide, 15 ft. 11 in. long and 6 ft. 9 in. 
high, a single rear door giving a 6 ft. by 3 ft. 
opening. Below the door is a withdrawable 
step for access. Two layers of Jabroc board 
form the lining and between them there is 6 in. 
of Isocolor insulation in the sides and roof, 
and 7 in. in the floor. Above the roof of the 
vehicle is a sun canopy. 

The second vehicle displayed was an Austin 
1 ton van with a refrigerated body, designed for 
local delivery work in this country. In service 
it has made an average of 60 delivery stops a 
day. The refrigeration equipment is of the 








Sternes plug-in type, taking its power supply 
from the electric mains, and is mounted over the 
driver’s cab. It takes about 10 hours to reduce 
the body to the operating temperature of 
35-45 deg. F., this process being usually carried 
out overnight while the vehicle is standing in 
its garage. Two holdover plates within the body 
will maintain the operating temperature for up to 
9 hours while the vehicle is on its rounds. The 
construction is again of aluminium sections and 
sheet, and aluminium racks line the interior walls. 

A third item shown was an insulated container 
for the carriage of meat. It is particularly 
designed for the:transportation of frozen carcases 
from the Liverpool docks to the Fatstock 
Marketing Corporation’s selling points through- 
out the North and Midlands. The container is 
built of a framework of aluminium covered with 
aluminium sheeting and the strength is sufficient 
to carry a load of 3 tons suspended from the 
roof. Alternatively, a load of 5 tons can be 
carried on the floor. 


The apparatus illustrated 
is used for measuring the 
oxygen consumption of 
human beings while 
engaged in various tasks 
and thereby determining 


the energy expenditure. 
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INTEGRATING MOTOR 
PNEUMO-TACHOGRApH 


Assessing Energy 
Expenditure in Various Tasks 


An instrument called an integrating mot 

pneumo-tachograph, usually shortened by in 
users to “IMP,” has been devised by the 
Medical Research Council to measure the 
quantity of air inhaled by a human being 9 
other animal in a given time and thereby rd 
determine the amount of oxygen consumea Pr 
energy expended during that period. 

The instruments are produced by J. Langham 
Thompson, Limited, electronic engineers, Bushey 
Heath, Hertfordshire, a member company of 
Camp Bird, Limited, Industries Group 964 
Mount-street, London, W.1. An adaptation 
of one instrument is being sent to South Africa 
where it will be used by scientists of the University 
of Cape Town to obtain data on the energy 
outputs of giraffes. In this manner it is hoped 
to ascertain why it is that giraffes thrive on ap 
apparently poor diet. 

The instrument, as used for human beings, is 
shown in the illustration. It consists of a flow. 
meter in a plastics case attached to a face mask: 
an integrating counting and recording mech. 
anism which is in the larger of the two rect 
angular “ boxes”’ seen in the illustration, the 
smaller “ box ”’ containing a high-tension electric 
battery; and a small cylindrical plastics storage 
container for exhaled air. 

The flowmeter produces a voltage output 
which is proportional to instantaneous flow, and 
this is integrated mechanically by a very low 
friction permanent-magnet motor having a 
linear voltage/speed characteristic. The number 
of revolutions of the motor is proportional to 
the time integral of the voltage and hence of the 
flow, thus a mechanicai counter geared to the 
motor gives a direct reading of volume. A com- 
mutator driven by the same motor operates an 
electromagnetic pump and, at intervals of every 
few litres of air exhaled, this takes a small 
sample from the flowmeter, through a polyvinyl 
chloride tube, and pumps it into the cylindrical 
container. The contents of the container are 
analysed subsequently. The sample is very 
small and is taken at a random point of the 
expiratory cycle. Neither the inspiratory nor 
the expiratory pressure drop ever exceeds 
2:5 cm. of water even at the highest flow. 

The integrating mechanism measures 9} in. 
by 8 in. by 3 in., and its weight, including the 
internal low-tension batteries, is 4 lb. The 
weight of the high-tension battery, which 
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in. by 2} in. by 1} in., is 1 lb., and 
pe on mask, flowmeter and cables is 


than 1 Ib. The weight of the plastics con- 
tainer Is also quite small. 
The instrument, we understand, has already 


provided valuable evidence on energy outputs 


by soldiers engaged on a strenuous exercise and 
by long-distance swimmers. Information derived 
from the intake readings and analyses of exhaled 
air have been useful in working out diets 
for particular tasks and assessing the relative 
strains imposed by different kinds of work. 


NOTICES OF MEETINGS 


association of Supervising Electrical Engineers 


HOVE " ection,” by J. A. Robbins. Brigh 

- kage Protection, y J. A. Robbins. righton, 

seat District Branch. New Imperial Hotel, First-avenue, 
Hove. Wed., Sept. 26, 7.30 p.m. 

sOUTHSEA 
Film of 
Royal Beac 


Fifth A.S.E.E. Exhibition. Portsmouth Branch. 
h Hotel, Southsea. Thurs., Sept. 27, 7.15 p.m. 


British Colour Council 


LONDON bilee Celebrations, Mon., Sept. 24 to Wed., Sept. 26. 
Bi itish Colour Council, 13 Portman-square, W.1. Reception 
f members and delegates, Mon., Sept. 24, 6.30 p.m. “* Colour 
through History,” by R. J Smith, Tues., Sept. 25, 10.30 a.m., 
; d, at 2.45 p.m., “ Colour over the Counter,” by a panel of 
- akers. “Colour in Fashion,” by J. Cavanagh, Wed., 
sept. 26, 10.30 a.m., and, at 2.30 p.m., a Questions Session 
on “ Colour Appeal. 
British Institution of Radio Engineers 
ane of Transistor Progress,”” by Dr. H. W. Loeb. 
London Section. London School of Hygiene and Tropical 
Medicine, Keppel-street, W.C.1. Wed., Sept. 26, 6.30 p.m. 
Building Centre 
IN 
0 “Colt Ventilators—Fixing Methods and Water 
Tests.” Wed., Sept. 26, 12.45 p.m. 
Chemical Society 
CHESTER 
Me Cormosion Fatigue,” by Dr. U. R. Evans. Manchester 
Branch. Joint meeting with the Royal Institute of Chemistry 
and the Society of Chemical Industry. The University, 
Manchester. Fri., Oct. 5, 6.30 p.m. 
Illuminating Engineering Society 
BIRMINGHAM ele, - 
Chairman’s Address, by V. A. Heydon. Birmingham Centre. 
Regent House, St. Phillip’s-place, Colmore-row, Birmingham. 
Fri., Sept. 28, 6 p.m. 
BRISTOL f = 
“Lighting for Enjoyment,” by T. O. Freeth. Bath and 
Bristol Centre. Royal Hotel, Bristol. Fri., Sept. 28, 7 p.m. 
LEICESTER : ny 
Various short papers on “ Interesting Lighting Jobs,”’ by 
Centre Members. Leicester Centre. East Midlands Elec- 
tricity Board’s Offices, Charles-street, Leicester. Mon., Sept. 
24, 6 p.m. 


Incorporated Plant Engineers 
LONDON 
“ Treatment and Disposal of Industrial Effluent.”’ by J. Lakin. 
London Branch. Royal Society of Arts, John Adam-street, 
Adelphi, W.C.2.  Tues., Oct. 2, 7 p.m.* 
CARDIFF 
Films on “ Lubrication.”” South Wales Branch. South 
Wales Institute of Engineers, Park-place, Cardiff. Fri., 
Sept. 28, 7.15 p.m. 
LEEDS 
“ Radiography in Industry,” by E. L. Grimwade. West and 
East Yorkshire Branch. The University, Leeds. Mon., 
Sept. 24, 7.30 p.m. 
SHEFFIELD 
Discussion on a civil engineering project. Sheffield Branch. 
Grand Hotel, Sheffield. Thurs., Sept. 27, 7.30 p.m. 


Institute of Industrial Supervisors 
CARDIFF 
Discussion on “ The Supervisor’s Place in Automation.” 
South Wales Branch. Park Hotel, Cardiff. Tues., Sept. 25, 
p.m. 


Institute of Road Transport Engineers 
GLASGOW 
“ Operation and Development of Disc Brakes,” by T. J. Phipps. 
Scottish Centre. Institution of Engineers and Shipbuilders in 
a 39 Elmbank-crescent, Glasgow, C.2, Mon., Oct. 1, 
30 p.m. 


Institution of Civil Engineers 
LONDON 
“The Problem of Liquid and Gaseous Effluent Disposal at 
Windscale,” by F.R. Farmer. Public Health Division. Tues., 
Sept. 25, 5.30 p.m.* 
“Prestressed Concrete Runways: History, Practice and 


The address and telephone number of the headquarters of each institution are given below. 


Theory,” by A. J. Harris. Airport Division. Tues., Oct. 2, 
5.30 p.m.* 


Institution of Electrical Engineers 

LONDON 
Presidential Address by Sir Gordon Radley. Thurs., Oct. 4, 
5.30 p.m.* 

BIRMINGHAM 
Annual General Meeting. Chairman’s Address by C. J. O. 
Garrard, at p.m. Conversazione at 7.30 p.m. South 
Midland Centre. Grand Hotel, Birmingham. Mon., Oct. 1. 

LEEDS 
Chairman’s Address by W. K. Fleming. North Midland 
Centre. Offices of the Yorkshire Electricity Division, 1 White- 
hall-road, Leeds. Tues., Oct. 2, 6.30 p.m. 

LIVERPOOL 
Chairman’s Address on “ Review of Progress of Electricity 
Distribution,” by P. d’E. Stowell. Mersey and North Wales 
Centre. Liverpool Royal Institution, Colquitt-street, Liver- 
pool. Mon., Oct. 1, 6.30 p.m. 

MANCHESTER 
Chairman’s Address by T. E. Daniel. North Western Centre. 
Engineers’ Club, Albert-square, Manchester. Tues., Oct. 2, 
6.30 p.m. 

PORTSMOUTH 
Chairman’s Address by H. Robson. Southern Centre. 
Offices of the Central Electricity Authority, 111 High-street, 
Portsmouth. Wed., Oct. 3, 6.30 p.m. 

SPALDING 
“Some Aspects of Heat Pump Operation,” by Miriam V. 
Griffith. East Midland Centre. Masonic Hall, Pinchbeck- 
street, Spalding. Thurs., Sept. 27, 7.30 p.m. 


Institution of Engineers and Shipbuilders in Scotland 
GLASGOW 
“Industrial Organisation,” by P. Hanika. Tues., Oct. 2, 
6.30 p.m. 


Institution of Heating and Ventilating Engineers 
BIRMINGHAM 

* Electric Floor Heating,” by T. F. Cadman. Birmingham 

Branch. Birmingham Exchange and Engineering Centre, 

Stephenson-place, Birmingham. Tues., Sept. 25, 6.30 p.m. 
GLASGOW 

“Principles for the Selection of Mechanical Stokers for 

Boiler Plant,” by . J. MacDonald. Scottish Branch. 

Scottish Building Centre, 425 Sauchiehall-street, Glasgow, C.2. 

Tues., Sept. 25, 7 p.m. 


Institution of Highway Engineers 

LONDON 

Annual General Meeting. Marsham Court, Marsham-street, 

S.W.1. Fri., Sept. 28, 2.30 p.m. 

Institution of Locomotive Engineers 

LONDON 

Presidential Address by J. F. B. Vidal. Institution of Mech- 

anical Engineers, 1 Birdcage-walk, St. James’s Park, S.W.1. 

Wed., Sept. 26, 5.30 p.m.* 


Institution of Mechanical Engineers 
BARROW-IN-FURNESS 
“ Water Ring Self-Priming Pumps,” by E. Crewdson. North 
Western Branch. Central College of Further Education, 
Abbey-road, Barrow-in-Furness. Fri., Sept. 28, 7.30 p.m. 
HUDDERSFIELD 
“* The Influence of Some Design Factors on the Characteristics 
of Ball Bearings and Roller Bearings at High Speeds,” by 
A. Fogg and J. S. Webber. Yorkshire Branch. Technical 
College, Huddersfield. Wed., Sept. 26, 7 p.m. (Preceded 
by a visit to W. C. Holmes & Co. Ltd., and Holset Engineering 
Co. Ltd., commencing at 2.30 p.m.) 
LINCOLN 
Reception at 6.15 p.m. Chairman’s Address by GB. R. 
Feilden, at 7 p.m. East Midlands Branch. Technical College 
Lincoln. Wed.. Sept. 26. 
NEWCASTLE-UPON-TY NE 
Chairman’s Address by Professor Aubrey Burstall. North 
Eastern Branch. Stephenson Building, Claremont-road, 
Newcastle-upon-Tyne, 2. Mon., Oct. 1, 6 p.m. 


Institution of Production Engineers 
CHELMSFORD 
“ Trade Unions and Industrial Development,” by R. Harle. 
South Essex Section. Mid-Essex Technical College, Chelms- 
ford. Wed., Oct. 3, 7.30 p.m. 
COVENTRY 
Open Discussion Evening. Coventry Graduate Section. 
Craven Arms, High-street, Coventry. Wed., Oct. 3, 7.15 p.m. 


Meetings 


in the headquarters town are held there unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceding the date of the meeting. 
* An asterisk is placed where it is understood that tea is available prior to the time stated. 


Association of Supervising Electrical Engineers, 23 Bloomsbury- 
Square, London, W.C.1. (LANgham 5927.) 

British Colour Council, 13 Portman-square, London, W.1. 
(WELbeck 4185.) 

British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. (MUSeum 1901.) 

—, Centre, 26 Store-street, London, W.C.1. (MUSeum 


Chemical Society, Burlington House, Piccadilly, London, W.1. 
(REGent 0675.) 

Illuminating Engineering Society, 32 Victoria-street, London, 

W.1. (ABBey 5215.) 

Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of Industrial Supervisors, 24 Albert-street, Birmingham 4. 
(Midland 6971.) 

Institute of Road Transport Engineers, 69 Victoria-street, 
London, S.W.1. (ABBey 6248.) 

Institution of Civil Engineers, Great George-street, London, 
S.W.1, (WHitehall 4577.) 

Institution of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 

Institution of ngineers and Shipbuilders in Scotland, 39 Elm- 
bank-crescent, Glasgow, C.2. (Central 5181.) 

Institution of Heating and Ventilating Engineers, 49 Cadogan- 
Square, London. S.W.1. (SLOane 3158.) 








Institution of Highway Engineers, 47 Victoria-street, London, 
S.W. (ABBey 3891.) 

Institution of Locomotive Engineers, 28 Victoria-street, London, 
S.W. (ABBey 6672.) 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, London, S.W.1. (WHItehall 7476.) 

Institution of Production Engineers, 10 Chesterfield-street, 
London, W.1. (GROsvenor 5254.) 

Institution of Works Managers, 67-68 Chandos-place, London, 
W.C.2. (TEMple Bar 8324.) 

Liverpool Metallurgical Society, Greenhithe, Grosvenor-road, 
St. Helens, Lancs. (St. Helens 5879.) 

London Association of Engineers, 5 Wimborne-grove, Watford, 
Hertfordshire. (Gadebrook 2995.) 

North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upon-Tyne, 1. (Newcastle 20289.) 
Royal Aeronautical Society, 4 Hamilton-place, London, W.1. 

(GROsvenor 3515.) 
Society of Engineeers, 17 Victoria-street, London, S.W.1 
(ABBey 7244.) 


Society of Instrument Technology, 20 Queen Anne-street, 


London, W.1. (LANgham 4251.) 


Television Society, 164 Shaftesbury-avenue, London, W.C.2. 


TEMple Bar 3330.) 
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GRANTHAM 
“Industrial Research,” by P. Spear. Lincoln Section. 
Aveling-Barford Ltd., Invicta Works, Grantham, Lincs. 
Tues., Oct. 2, 7.30 p.m. 

MANCHESTER 
“‘ The Production Organisation and Inspection of a Fighting 
Vehicle,” by A. Glaisher. Manchester Graduate Section. 
College of Technology, Manchester. Mon., Oct. 1, 7.15 p.m. 

NOTTINGHAM 
“* The Ings of Industry,” by W. H. Telling. Nottingham 
Section. Victoria Station Hotel, Milton-street, Nottingham. 
Wed., Oct. 3, 7 p.m. 


Institution of Works Managers 
HULL 
Open Discussion Meeting. Hull Branch. Royal Station 
Hotel, Hull. Wed., Sept. 26, 7.45 p.m. 
LANCASTER 
“ Education for Industry: Can Managers Do More to Help 
the Schools?” y . Hansen. Lancaster Group. Storey 
Institute, Lancaster. Tues., Sept. 25, 7.30 p.m. 


Liverpool Metallurgical Society 
LIVERPOOL 
Presidential Address by W. Rose. Liverpool Engineering 
Society, 9 The Temple, 24 Dale-street, Liverpool. Thurs., 
Oct. 11, 7 p.m. 


London Association of Engineers 
LONDON 
“Atomic Energy and the Engineer,”’ by W. R. Wootton, 
and a colour film of Calder Hall Atomic Power Station. 
Fuller’s Restaurant, 206 Regent-street, W.1. Sat., Oct. 6, 
6p.m. Tickets of admission are required by non-members. 


North East Coast Institution of Engineers 
and Shipbuilders 
NEWCASTLE-UPON-TYNE 
Presidential Address by R. C. Thompson. Mining Institute, 
Newcastle-upon-Tyne. Fri., Oct. 12, 6.15 p.m. 


Royal Aeronautical Society 

LONDON 
“* Novel Methods of Take-off and Landing,” by T. J. Cummings. 
London Graduates’ and Students’ Section. Fri., Sept. 28, 
7.30 p.m. 
“The Pressure Jet Helicopter,” by Dipl.-Ing. A. Stepan. 
Section Lecture. Tues., Oct. 9, 7 p.m. 

DERBY 
First Sir Henry Royce Memorial Lecture on “ Sir Henry 
Royce, Bt.,”” by H. I. F. Evernden. Derby Branch. Rolls- 
Royce Welfare Hall, Nightingale-road, Derby. Mon., 
Oct. 1, 6.15 p.m. 


Society of Engineers 
LONDON 
“ Calder Hall Nuclear Power Station,” by K. J. Frost. Geologi- 
eet Burlington House, Piccadilly, W.1. Mon., Oct. 1, 
p.m. 


Society of Instrument Technology 

LONDON 
“ Accurate Calibration of Flowmeters,” by Dr. E. A. Spencer 
and A. T. J. Hayward. Manson House, 26 Portland-place, 
W.1. Tues., Sept. 25, 6 p.m. 

CHESTER 
“ A Nuclear Power Station and Its Instrumentation,” by K. R. 
Sandiford. Chester Section. 5 King’s Buildings, King-street, 
Chester. Wed., Sept. 26, 7 p.m. 

FAWLEY 
** Electrically-Operated Process Control Equipment,” by R. J. 
Redding. Fawley Section. Copthorne House, Fawley, 
Hants. Fri., Oct. 5, 7 p.m. 

GLASGOW 
“Electro Simulators for Servo Mechanisms,” by P. L. V. 
Pomella. Scottish Section. Royal Technical College, George- 
street, Glasgow. Fri., Sept. 28, 7.15 p.m. 


Television Society 
LONDON 
“ Additional Considerations in Terminal Equipment,” by 
P. S. Carnt. Fourth of a series of five lectures on colour 
television. Mon., Sept. 24, 7 p.m. 
“Colour Display Devices,” by P. S. Carnt. Final lecture of 
the series. Fri., Sept. 28, 7 p.m. Both lectures will be held 
4 the Assembly Hall, Institute of Education, Malet-street, 





x * * 


KNITTED WIRE MESH 


Knitted wire mesh has many applications in the 
fields of filtration, shielding, mist-eliminating 
and vibrator cushioning. Several types are made 
by the Knitted Mesh Manufacturing Company, 
36 Victoria-street, London, S.W.1, and marketed 
under the trade name of KnitMesh. The 
material is knitted in tubular form in the same 
manner as a stocking, after which it can be 
flattened, rolled or formed into whatever shape 
is required. It has a very large surface area 
but also can have up to 95 per cent. of free space, 
a consideration which is important in some 
applications. Materials used include aluminium, 
Monel, stainless steel, galvanised steel, brass and 
copper, as well as many special alloys. Wires 
can be round or laminated to any particular 
requirement and can be crimped if desired. Wire 
gauges used range irom 30 to 41 s.w.g. and the 
widths of the knitted material from 14 in. to 
7 in. Apart from metallic wires the same 
product is available in plastics including nylon, 
P.V.C., Saran, Grilon and Courlene. In this 
case the gauges go from 0-005 in. (125 denier) 
to 0-018 in. The same range of widths is 
available. Apart from the knitted lengths, 
KnitMesh is available made up into various 
sizes for filters, mats and bodies; it is also used 
for electronic weather stripping, and as shielding 
for radio frequency equipment. 
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THE HUMAN 
ELEMENT 


The Institute of Directors sets an example to the 
Trades Union Congress—Large New Wage 
Demand by the Confederation of Shipbuilding 
and Engineering Unions—How former employees 
of the British Motor Corporation have found other 
work—Training unskilled men for work under 
automation—Analysis of recent clerical salaries— 
Call-up of science teachers. 


+ + F 


Mr. Cousins gets the Treatment 


The Institute of Directors’ invitation to Mr. 
Frank Cousins, the general secretary of the 
Transport and General Workers’ Union, who 
held the limelight at the recent Trades Union 
Congress, to address them is a gesture with a 
long pedigree. Cynics might say that it goes 
back as far as Ethelred and the Danegeld. Those 
with shorter memories might find antecedents in 
the non-aggression treaties of the nineteen- 
thirties. In fact, it has some fairly recent and, 
from the point of view of the suspicious-minded 
folk on the Left, more acceptable precedents in 
Sir Stafford Cripps and Mr. Herbert Morrison 
addressing the Federation of British Industries. 
Admittedly, they were Ministers of the Crown 
at the time, but the precedent is there. 

The idea of letting someone give a differing 
point of view, publicly, in a hall owned or hired 
by those of the opposite persuasion, is not a 
common practice throughout the world. But 
in this country, particularly, it has a certain 
attraction. Listening to the other’s point of 
view appeals to the British ideal of fair play. 
It also suggests a broad-mindedness in the hosts, 
‘ and a willingness to meet and talk and be 
reasonable, which it is hoped will be recipro- 
cated. At times, it has, too the more calculating 
expectation that it will bring a spirit of com- 
promise to those whose ego has been suitably 
inflated by an impression of influence, where, in 
fact, none exists. It is part of the public training 
of all public figures in this country. 

It is a gesture which could be more generally 
followed, for it suggests decency and maturity 
of judgment. When the T.U.C. met at Brighton, 
there were those present who congratulated 
themselves that they had invited a Labour 
Chancellor of the Exchequer to address them 
but never a Tory one. It was a lost opportunity 
to prove that the unions know more about 
negotiation than pounds, shillings and pence. 


x *k * 
Just Another £150 Million! 


The decision by the executive council of the 
Confederation of Shipbuilding and Engineering 
Unions to make immediate application for a 
large wage increase (report puts it at £1 a week, 
making a bill of £150 million a year) was ex- 
pected. The decision in principle to make it, 
and the retort in advance of the employers to 
reject it, are now history. This type of indus- 
trial jingoism by both sides makes a poor back- 
ground for a difficult situation. 

When the last demand was made, ENGINEERING 
stated that all the favourable arguments from 
the union side, about cost of living and increased 
productivity, made a case for an increase which, 
in the event, was close to the actual percentage 
fixed. Since the spring of the year, nothing has 
changed for the better from the industrial point 
of view, such as would render a new claim this 
autumn reasonable. Profits are lower in most 
cases, costs are rising, and competition in export 
markets becomes increasingly severe. To add 
to the troubles, the Suez crisis is unsolved as 
yet and this, alone, is likely to have two adverse 
effects on the engineering industry. It will 
lengthen deliveries to the Far East and generally 
embarrass shipments abroad. Moreover, the 


interruption in the inward flow of oil and other 
materials is likely to increase costs further. 

Falling overtime and increasing short-time is 
reducing pay packets and, in consequence, there 
is a case for a tactical move by the unions to 
defend their members’ earnings by raising the 
basic wage. Nevertheless, they would do well 
to remember that, under present conditions, 
some of their members may have to argue with 
unemployment, if their representatives argue 
too long, from a presumed force majeure, with 
the employers. 


kk * 
Finding Jobs at Oxford 


Enough time has now elapsed since the dis- 
missals at the British Motor Corporation’s 
works at Oxford took place to see what has 
happened to the 1,000 men who were involved. 
Formal records are available, of course, only 
for those men who have been in touch with the 
Labour Exchanges. It is apparent, however, 
from these that the switch in jobs which has 
occurred is mainly satisfactory from the point 
of view of national policy. 

There is no doubt that jobs have been available 
for those who wanted them and that there has 
been some choice, although not a great deal. 
It is also noticeable that the engineering industry 
has gained few recruits. This has been because 
certain other large employers of labour in the 
engineering industry in the locality have been 
working a shorter week and, partly, because 
little skilled labour was released by B.M.C., 
which is what engineering concerns mainly 
desire. As was to be expected, B.M.C. released 
its marginal labour, which included those who 
had most recently joined the organisation. 
Many of these seem to have gone back to their 
old jobs. 

For the remainder, one of the most satisfactory 
features of the change has been the improved 
employment position in railway maintenance and 
public transport. There has been a definite, 
though unspectacular, improvement in_ the 
labour position in both these industries. A less 
satisfactory side of the change is that quite a 
number of men seem to have gone into seasonal 
jobs and services. Many others have gone into 
the building trade, but the demand there is for 
men of rather ‘more skill than have been forth- 
coming so far. All industries and_ trades 
favourably affected have commented on the 
small amount of labour which has come their 
way and they had clearly expected more. One 
feature of interest is the way in which this 
example at Oxford bears out the general employ- 
ment position that is beginning to emerge in the 
national employment figures. In the switch, 
industries covering certain services and types of 
consumer goods seem to be faring better than 
the engineering industry. To that extent, 
Official policy is misfiring, and the main reason 
for it seems to be that the contracting industries 
are not, as yet, releasing skilled men. 


* * * 


Impact of Automation 


Increasing attention is being given in public 
discussions to the problem of training unskilled 
labour as men in this employment are released 
from their jobs, by the introduction of automation 
techniques. This “ challenge,” as it has been 
called, was clearly stated in a paper by Mr. 
J. F. Coales, on the history of automation, 
published in ENGINEERING last week, among its 
selection of British Association papers. Since 
then, a paper on a related topic has been given 
by Professor B. R. Williams to the Institute of 
Personnel Management, at Cambridge, during 
the Institute’s conference on ‘“Automation—lIts 
Implications for Selection and Training.” 

To bring both papers briefly together, the 
first one states that there is a problem involved 
in training unskilled people to perform the more 
skilled work which automation offers as a 
compulsory substitute for their present jobs, 
and the second affirms that a great many 
employees will be involved in the changeover. 
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A somewhat startling point raised in the 
instance is that Professor Williams envigaga 
switch coming rather more quickly than 
people have estimated. He sees the sip 
as a major issue in the next ten years, 
that be so, the problem is clearly not 
one of adjusting the education system to 
a new generation of workers who knew nop 
old ways. 
their thirties and forties are involved. 

It is, therefore, of the utmost importangs 
knowledge of how unskilled men can be tr 
should be acquired as soon as possible and 
it should be rapidly disseminated over the w 


field of industry, especially in engineering, ~ 


x ke 
Clerks and Machines 


It is a well-known fact that one of the 
stimuli to the office equipment industry jg) 
last decade has been the high level of cla 
salaries. This is one of the “ danoe 
thoughts ” of office equipment salesmen 
are never uttered to potential customers, 
theless, the fact that office equipment produg 
and exports have soared to record levels # 
the war owes a great deal to the shortage of 
experienced clerks and the difficulty of reery 
suitable young people. 4 
Every two years, the Office Managem 
Association carries out a sample survey of cler 
salaries and the latest Clerical Salaries A 
published by the Association shows the po 
as at March, 1956. The sample cover 


5 per cent. cross-section of clerical employ 


outside the nationalised industries and the € 
Service. These figures show that, since the 
survey in 1954, salary increases for adult ¢ 


have improved by between 13 and 18 per cen 
approximately half of this being absorbed’ 


the rising cost of living. By comparison, | 
adult manual worker has enjoyed over the 

period an increase in his wage rates of 18 
cent., although, for women, it was only 13 
cent. Theinference, therefore, is that maled 
have done about as well as male manual 9 


atives and that female clerks have probably dg 


slightly better than women in factories. Th 
of course, only half the story. The real ¢ 
parison is between earnings, not rates. Althe 


clerks have been able to earn overtime, if 


doubtful if such facilities have been on as 


a scale as those for manual workers, Om) 


earnings basis, it is likely that manual wo 
especially men, have done better than ¢ 
A hint that this state of affairs is attrac 
workers towards manual jobs is the prop 


tionately larger increases in salaries paid during! 


past two years to young clerks than to older 


An incidental, interesting point is the facta 


the highest clerical salaries are now 
Merseyside; followed by Clydeside and 


Wales—all ranking ahead of London. It wot 


also be of interest to know if this unexpe 
fact owes something to the construction of 
sample, such as the omission of the nation 
industries and Civil Service. 


x *k * 


Teachers Again 


The letter to The Times on the call-up @ 
science teacher in the north of England @ 


referred to in a note “ Calling-up Teachers, 
this page last week, has evoked a quick esp 
from the Ministry of Education. 


tions made on their behalf to the two departt 
concerned. It is not stated what these 
teach, apart from the one whose call-up 7 
the issue and who is now due back from 
Mediterranean to civilian life. We are 2 
however to be able to publish the fact that 
problem is so far a small one and to 
any misapprehension we may have given 
science teachers were being mobilised a 
at an alarming rate. We are gratified too 
all concerned are so sensitive to the problet 


Under this timetable, men now 


Some~ 
teachers have been recalled to the Army i 
present emergency and 8 have had represet 
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